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Am29325 

32-Bit Floating Point Processor 
PRELIMINARY 



Single VLSI device performs high-speed floating-point 
arithmetic 

- Floating-point addition, subtraction and multiplication 
in a single clock cycle 

- Internal architecture supports sum-of-products, 
Newton-Raphson division 

32-bit, 3-bus flow-through architecture 

- Programmable I/O allows interface to 32- and 16-bit 
systems 



DISTINCTIVE CHARACTERISTICS 

• IEEE and DEC formats 

- Performs conversions between formats 

- Performs integer « » floating point conversions 
» Six flags indicate operation status 
» Register enables eliminate clock skew 
» Input and output registers can be made transparent 

independently 



GENERAL DESCRIPTION 



The Am29325 is a high-speed floating-point processor unit. 
It performs 32-bit single-precision floating-point addition, 
subtraction, and multiplication operations in a single LSI 
i nteg rated circuit, using the format specified by the proposed 
IEEE floating-point standard P754. The DEC single- 
precision floating-point format is also supported. Operations 
for conversion between 32-bit integer format and floating- 
point format are available, as are operations for converting 
between the IEEE and DEC floating-point formats. Any op- 
eration can be performed in a single clock cycle. Six flags - 
invalid operation, inexact result, zero, not-a-number, over- 
flow, and underflow - monitor the status of operations. 

The Am29325 has a 3-bus, 32-bit architecture, with two 
input buses and one output bus. This configuration provides 



high I/O bandwidth, allows access to all buses and affords a 
high degree of flexibility when connecting this device in a 
system. All buses are registered, with each register having a 
clock enable. Input and output registers may be made trans- 
parent independently. Two other I/O configurations, a 32-bit, 
2-bus architecture and a 16-bit, 3-bus architecture, are 
user-selectable, easing interface with a wide variety of sys- 
tems. Thirty-two-bit internal feedforward data paths support 
accumulation operations, including sum-of-products and 
Newton-Raphson division. 

Fabricated with the high-speed IMOX™ bipolar process, the 
Am29325 is powered by a single 5-volt supply. The device is 
housed in a 144-pin pin-grid-array package. 
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Am29323 - 32 x 32 Parallel Multiplier 
Am29332 - 32-Bit ALU 
Am29331 - 16-Bit Sequencer 



RELATED PRODUCTS 

• Am29334 



64 x 18 Four-Port Dual-Access 
Register File 
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DEFINITION OF TERMS 



AFFINE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 



BIASED EXPONENT 

The true exponent of a floating-point number, plus a constant. 
For IEEE floating-point numbers, the constant is 127; for DEC 
floating-point numbers, the constant is 128. See also True 
Exponent. 



FINAL RESULT 

The result produced by the floating-point ALU. 



FRACTION 

The twenty-three least-significant bits of the mantissa. 



INFINITELY PRECISE RESULT 

The result that would be obtained from an operation if both 
exponent range and precision were unbounded. 



BUS 

Data input or output channel for the floating-point processor. 



DEC RESERVED OPERAND 

A DEC floating-point number that is interpreted as a symbol and 
has no numeric value. A DEC reserved operand has a sign of 1 
and a biased exponent of 0. 



DESTINATION FORMAT 

The format of the final result produced by the floating-point ALU. 
The destination format can be IEEE floating-point, DEC floating- 
point or integer. 



INPUT OPERANDS 

The value or values on which an operation is performed. For 
example, the addition 2 + 3 = 5 has input operands 2 and 3. 



MANTISSA 

The portion of a floating-point number containing the number's 
significant bits. For the floating-point number 1.101 x 2-3, the 
mantissa is 1.101. 



DEFINITION OF TERMS (Cont) 



NAN (Not-a-Number) 

An IEEE floating-point number that is interpreted as a symbol, 
and has no numeric value. A NAN has a biased exponent of 
255io an d a non-zero fraction. 

PORT 

Data input or output channel for the floating-point ALU. 



ROUNDED RESULT 

The result produced by rounding the infinitely precise result to fit 
the destination format. 



TRUE EXPONENT (or Exponent) 

Number representing the power of two by which a floating-point 
number's mantissa is to be multiplied. For the floating-point 
number 1.101 x 2-3, the true exponent is -3. 



PROJECTIVE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 



PIN DESCRIPTION 



R0-R31 

S0-S31 

F 0~F31 

CLK 
ENR 

ENS 

ENF 

FT 
FT, 
l -l 2 



R operand bus, input. Rrj is the least-signifi- 
cant bit. 

S operand bus, input. So is the least-signifi- 
cant bit. 



F operand bus, 
significant bit. 



output. Fq is the least- 



Clock input for the internal registers. 

Register R clock enable, input. When ENR is 
LOW, register R is clocked o n the LOW-to- 
HIGH transition of CLK. When ENR is HIGH, 
register R retains the previous contents. 

Register S clock enable, input. When ENS is 
LOW, register S is clocked on the LOW-to- 
HIGH transition of CLK. When ENS is HIGH, 
register S retains the previous contents. 

Register F clock enable, input. When ENF is 
LOW, register F is clocked on the LOW-to- 
HIGH transition of CLK. When ENF is HIGH, 
register F retains the previous contents. 

Input register feedthrough control, input. 
When FTo is HIGH, registers R and S are 
transparent. 

Output register feedthrough control, input. 
When FT, is HIGH, register F and the status 
flag register are transparent. 

Operation select lines, inputs. Used to select 
the operation to be performed by the ALU. See 
the ALU Operation Select Table for a list of 
operations and the corresponding codes. 

ALU S port input select, input. A LOW on I3 
selects register S as the input to the ALU S 
port. A HIGH on I3 selects register F as the 
input to the ALU S port. 



I4 Register R input select, input. A LOW on I4 

selects R0-R31 as the input to register R. A 
HIGH selects the ALU F port as the input to 
register R. 

IEEE/DEC IEEE /DEC mode select, input. When IEEE/ 

DEC i s HIG H, IEEE mode is selected. When 
IEEE/DEC is LOW, DEC mode is selected. 

INEXACT Inexact result flag, output. A HIGH indicates 

that the final result of the last operation was not 
infinitely precise, due to rounding. 

INVALID Invalid operation flag, output. A HIGH indi- 

cates that the last operation performed was 
invalid, e.g., =° times 0. 

NAN Not-a-number flag, output. A HIGH indicates 

that the final result produced by the last opera- 
tion is not to be interpreted as a number. The 
output in such cases is either an IEEE Not-a- 
Number (NAN) or a DEC reserved operand. 

OE Output enable, input. When OE is LOW, the 

contenteof register F are placed on F0-F31. 
When OE is HIGH, F0-F31 assume a high- 
impedance state. 

ONEBUS Input bus configuration control, input. A LOW 

on ONEBUS configures the input bus circuitry 
for two-input bus operation. A HIGH on 
ONEBUS configures the input bus circuitry for 
single-input bus operation. 

OVERFLOW Overflow flag, output. A HIGH indicates that 
the last operation produced a final result that 
overflowed the floating-point format. 

PROJ/AFF Projective/affine mode select, input. Choice of 

projective or affine mode determines the way 
in which infinities are handled in IEEE mode. A 
LOW on PROJ/AFF selects affine mode; a 
HIGH selects projective mode. 



PIN DESCRIPTION (Cont) 



RND , RNDi Rounding mode selects, inputs. RNDn and 
RND-i select one of four rounding modes. See 
the Rounding Mode Select Table for a list of 
rounding modes and the corresponding con- 
trol codes. 

S16/32 Sixteen- or thirty-two-bit I/O mode select, 

input. A LOW on S16/32 selects the thirty-two- 
bit I/O mode; a HIGH selects the sixteen-bit I/O 
mode. In thirty-two-bit mode, inputs and out- 
put buses are 32 bits wide. In sixteen-bit 
mode, input and output buses are sixteen bits 



UNDERFLOW 



ZERO 



wide, with the least and most significant por- 
tions of the thirty-two-bit input and output 
words being placed on the buses during the 
HIGH and LOW portions of CLK, respectively . 

Underflow flag, output. A HIGH indicates that 
the last operation produced a rounded result 
that underflowed the floating-point format. 

Zero flag, output. A HIGH indicates that the last 
operation produced a final result of zero. 



ARCHITECTURE 



Figure 1 . Conceptual Model of the Process Performed by 
the Floating-Point ALU 



The Am29325 comprises a high-speed, floating-point ALU, a 
status flag generator, and a 32-bit data path. 



Floating-Point ALU 



The floating-point ALU performs 32-bit floating-point operations. 
It also performs floating-point-to-integer conversions, integer- 
to-floating-point conversions, and conversions between the 
IEEE and DEC floating-point formats. The ALU has two 32-bit 
input ports, R and S, and a 32-bit output port, F. 

Conceptually, the process performed by the ALU can be divided 
into three stages - see Figure 1 . The operation stage performs 
the arithmetic operation selected by the user; the output of this 
section is referred to as the infinitely precise result of the opera- 
tion. The rounding stage rounds the infinitely precise result to fit in 
the destination format; the output of this stage is called the 
rounded result. The last stage checks for exceptional conditions. 
If no exceptional condition is found, the rounded result is passed 
through this stage. If some exceptional condition is found, e.g., 
overflow, underflow, or an invalid operation, this section may 
replace the rounded result with another output, such as +=°, -=, 
a NAN, or a DEC reserved operand. The output of this last stage 
appears on port F, and is called the final result. 

The ALU performs one of eight operations; the operation to be 
performed is selected by placing the appropriate control code on 
lines In- 12. The ALU Operation Select Table gives the control 
codes corresponding to each of the eight operations. 

The floating-point addition operation (R PLUS S) adds the 
floating-point numbers on ports R and S, an d pla ces the 
floating-point result on port F. In IEEE mode (IEEE/DEC = HIGH) 
the addition i s per formed in IEEE floating-point format; in DEC 
mode (IEEE/DEC = LOW) the addition is performed in DEC 
format. 

The floating-point subtraction operation (R MINUS S) subtracts 
the floating-point number on port S from the floating-point 
number on port R and pl aces the floating-point result on port F. In 
IEEE mode (IEEE/DEC = HIGH) the subtracti on is p erformed in 
lEEEfloating-point format; in DEC mode (IEEE/DEC = LOW) the 
subtraction is performed in DEC format. 

The floating-point multiplication operation (R TIMES S) multiplies 
the floating-point numbers on ports R and S, a nd pl aces the 
floating-point result on port F. In IEEE mode (IEEE/DEC = HIGH) 



OPERAND R 



OPERAND S 



OPERATION STAGE 
(PERFORMS SELECTED OPERATION) 



- INFINITELY PRECISE RESULT 



ROUNDING STAGE 

(ROUNDS INFINITELY PRECISE 

RESULT) 



- ROUNDED RESULT 



EXCEPTION STAGE 
(CHECKS FOR UNUSUAL CONDITIONS) 



FINAL RESULT 



the multiplication is pe rformed in IEEE floating-point format; in 
DEC mode (IEEE/DEC = LOW) the multiplication is performed in 
DEC format. 

The floating-point constant subtraction (2 MINUS S) operation 
subtracts the floating-point value on port S from 2, and places the 
result on port F. The operand on port R is not used in this 
operation; its valu e will not affect the operation in any way. In 
IEEE mode (IEEE/DEC = HIGH) the operatio n is p erformed in 
IEEE floating-point format; in DEC mode (IEEE/DEC = LOW) the 
operation is performed in DEC format. This operation is used to 
support Newton-Raphson floating-point division; a description of 
its use appears in Appendix C. 

The integer-to-floating-point conversion (INT-TO-FP) operation 
takes a 32-bit, two's complement integer on port R and places the 
equivalent floating-point value on port F. The operand on port S is 
not used in this operation; its val ue w ill not affect the operation in 
any way. In IEEE mode (IEEE/DEC = HIGH) t he res ult is de- 
livered in IEEE format; in DEC mode (IEEE/DEC = LOW) 
the result is delivered in DEC format. 



ALU OPERATION SELECT TABLE 
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Operation 


Output Equation 











Floating-point addition 
(R PLUS S) 


F= R + S 








1 


Floating-point subtraction 
(R MINUS S) 


F= R - S 





1 





Floating-point multiplication 
(R TIMES S) 


F = R* S 





1 


1 


Floating-point constant 
subtraction (2 MINUS S) 


F = 2 - S 


1 








Integer-to-floating-point 

conversion (INT-TO-FP) 


F (floating-point) = R (integer) 


1 





1 


Floating-point-to-integer 
conversion (FP-TO-INT) 


F (integer) = R (floating-point) 


1 
1 


1 
1 




1 


IEEE-TO-DEC format conversion 
(IEEE-TO-DEC) 

DEC-TO-IEEE format conversion 
(DEC-TO-IEEE) 


F (DEC format) = R (IEEE format) 
F (IEEE format) = R (DEC format) 



The floating-point-to integer conversion (FP-TO-INT) operation 
takes a floating-point number on port R and places the equivalent 
32-bit, two's complement integer value on port F. The operand on 
port S is not used in this operation; its valu e will not affect the 
operation in any way. In IEEE mode (IEEE/DEC = HIGH) the 
operand on port R is interp reted using the IEEE floating-point 
format; in DEC mode (IEEE/DEC = LOW) it is interpreted using 
the DEC floating-point format. 

The lEEE-to-DEC conversion operation (IEEE-TO-DEC) takes 
an IEEE-format floating-point number on port R and places the 
equivalent DEC-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. T he operation can be performed 
in either IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE/ 
DEC = LOW). 

The DEC-to-IEEE conversion operation (DEC-TO-IEEE) takes 
a DEC-format floating-point number on port R and places the 
equivalent IEEE-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. T he operation can be performed 
in eith er IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE/ 
DEC = LOW). 



Status Flag Generator 

The status flag generator controls the state of six flags that report 
the status of floating-point ALU operations. The flags indicate 
when an operation is invalid (e.g., infinity times zero) or when an 
operation has produced an overflow, an underflow, a non- 
numerical result (e.g., a NAN or DEC reserved operand), an 
inexact result, or a result of zero. The flags represent the status of 
the most-recently-performed operation. Flag status is stored in 
the flag status register on the LOW-to-HIGH transition of CLK. 
When the output register feedthrough control FT-| is HIGH, the 
flag status register is made transparent. 



Data Path 

The 32-bit data path consists of the R and S input buses, the F 
output bus, data registers R, S, and F, the register R input multi- 
plexer, and the ALU port S input multiplexer. 



Input operands enter the floating-point processor through the 
32-bit R and S input buses, R0-R31 and S0-S31. Results 
of operations appear on the 32-bit F bus, F0-F31. The F 
bus assumes a high-impedance state when output enable 
OE is HIGH. 

The R and S registers store input operands; the F register stores 
the final result of the floating-point ALU opera tion . Eac h register 
has an independent clock enable (ENR, ENS and ENF). When a 
register's clock enable is LOW, the register stores the data on its 
input at the LOW-to-HIGH transition of CLK; when the clock 
enable is HIGH, the register retains its current data. All data 
registers are fully edge-triggered - both the input data and the 
register enable need only meet modest setup and hold time 
requirements. Registers R and S can be made transparent by 
setting FTq, the input register feedthrough control, HIGH. Regis- 
ter F can be made transparent by setting FT-| , the output register 
feedthrough control, HIGH. 

The register R input multiplexer selects either the R input bus or 
the floating-point ALU's F port as the input to register R. Selection 
is controlled by I4 - a LOW selects the R input bus; a HIGH 
selects the ALU F port. The ALU port S input multiplexer selects 
either register S or register F as the input to the floating-point 
ALU's S port. Selection is controlled by I3 - a LOW selects 
register S; a HIGH selects register F. 

Data selected by I3 and I4 is described in the Mux Select Tables. 
When registers R and S are transparent (FTn = HIGH) multi- 
plexer select I4 must be kept LOW, so that the register R input 
multiplexer selects Rrj- R31 . When register F is transparent (FT-| 
= HIGH) multiplexer select l 3 must be kept LOW, so that the ALU 
port S input multiplexer selects register S. 



MUX SELECT TABLES 
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Data selected for floating-point ALU S port 





Register S 
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Register F 
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Data selected for register R input 





R bus 
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Floating-point ALU port F 



I/O MODES 



The Am29325 data path can be configured in one of three I/O 
modes: a 32-bit, two-input-bus mode; a 32-bit, single-input-bus 
mode; and a 16-bit, two-input-bus mode. These modes affect 
only the manner in which data is delivered to and taken from the 
Am29325; operation of the floating-point ALU is not altered. The 
I/O mode is selected with the ONEBUS and S1 6/32 controls. The 
I/O Mode Selection Table lists the control codes needed to 
invoke each I/O mode. 

I/O MODE SELECTION TABLE 



S16/32 ONEBUS 



I/O Mode 



32-bit, two-input-bus mode 
32-bit, single-input-bus mode(>) 
16-bit, two-input-bus mode(«) 
Illegal I/O mode selection value 



(*)FTq must be held LOW in this mode (see text). 



32-Bit, Two-Input-Bus Mode 



In this I/O mode, the R and S buses are configured as indepen- 
dent 32-bit input buses, and the F bus is configured as a 32-bit 
output bus. Figure 2 is a functional block diagram of the Am29325 
in this I/O mode. 



R and S operands are taken from their respective input buses and 
clocked into the R and S registers on the LOW-to-HIGH transition 
of CLK. Register F is also clocked on the LOW-to-HIGH transition 
of CLK. Figure 5(a.) depicts typical I/O timing in this mode. 



32-Bit, Single-lnput-Bus Mode 



In this I/O mode, the R and S buses are connected to a single 
32-bit multiplexed input data bus; the F bus is configured as an 
independent 32-bit output bus. Figure 3 is a functional block 
diagram of the Am29325 in this I/O mode. Note that both the R 
and S bus lines must be wired to the input bus. 

R and S operands are multiplexed onto the input bus by the host 
system. The S operand is clocked from the input bus into a 
temporary holding register on the HIGH-to-LOW transition of 
CLK and is transferred to register S on the LOW-to-HIGH transi- 
tion of CLK. The R operand is clocked from the input bus into 
register R on the LOW-to-HIGH transition of CLK. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Figure 5(b.) 
depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly if the R and S registers are made transparent. Therefore 
input register feedthrough control FTo must be held LOW in this 
mode. 



Figure 2. Functional Block Diagram for the 32-Bit, Two-Input-Bus Mode 
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16-Bit, Two-Input-Bus Mode 



OPERATION IN IEEE MODE 



In this I/O mode, the R and S buses are configured as indepen- 
dent 16-bit input buses, and the F bus is configured as a 16-bit 
output bus. Figure 4 is a functional block diagram of the Am29325 
in this I/O mode. Note that the 16 LSBs and 16 MSBs of the R, S 
and F buses must be wired to their, respective system buses in 
parallel. 

Thirty-two-bit operands are passed along the 16- bit data buses 
by time-multiplexing the 16 LSBs and 16 MSBs of each 32-bit 
word. For the R input bus, the host system multiplexes the 16 
LSBs and 16 MSBs of the R operand onto the 16-bit R bus. The 16 
LSBs of the R operand are stored in a temporary holding register 
on the HIGH-to-LOW transition of CLK. The 16 MSBs are clocked 
into register R on the LOW-to-HIGH transition of CLK; at the 
same time, the 16 LSBs are transferred from the temporary 
holding register to register R. Transfer of data from the S input bus 
to the S register takes place in a similar fashion. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Circuitry internal 
to the Am29325 multiplexes data from register F onto the 16-bit 
output bus by enabling the 1 6 LSBs of the F output bus when CLK 
is HIGH, and enabling the 16 MSBs of the F output bus when CLK 
is LOW. Figure 5(c) depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly-if the R and S registers are made transparent. Therefore 
input register feedthrough control FTq must be held LOW in this 
mode. Caution must also be taken in controlling the register R 
input multiplexer control line, I4, in this I/O mode. I4 should be 
changed only when CLK is HIGH, in addition to meeting the setup 
and hold time requirements given in the Switching Characteris- 
tics section. 



When input signal IEEE/DEC is HIGH, the IEEE mode of opera- 
tion is selected. In this mode the Am29325 uses the floating-point 
format set forth in the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic, P754. In addition, the IEEE mode 
complies with most other aspects of single-precision floating- 
point operation outlined in the proposed standard - differences 
are discussed in Appendix A. 



IEEE Floating-Point Format 



The IEEE single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 6. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 

The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0; negative values, a 
sign of 1 . The value zero may have either sign. 

The biased exponent is an eight-bit unsigned integer field repre- 
senting a multiplicative factor of some power of two. The bias 
value is 127. If, for example, the multiplicative factor for a 
floating-point number is to be 2 a , the value of the biased expo- 
nent would be a+127; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number's 24-bit man- 
tissa. The weight of fraction's most significant bit is 2~ 1 ; the 
weight of the least-significant bit is 2~ 23 . 



Figure 4. Functional Block Diagram for the 16-Bit, Two-Input-Bus Mode 
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A floating-point number is evaluated or interpreted per the fol- 
lowing conventions: 

let s = sign bit 

e = biased exponent 
f = fraction 

f e = and f = . . . value = (-1) s »(0) (+0, -0) 

f e = and f < > . . . value = denormalized number 

f < e < 255 . . value = (-1) s «(2 e_127 )«(1.f) 
(normalized number) 

if e = 255 and f = . . value = (-1) s »(=c) (+x, -=) 

if e = 255 and f < > . . . value = not-a-number (NAN) 

Zero - The value zero can have either a positive or negative sign. 
Rules for determining the sign of a zero produced by an operation 
are given in the Sign Bit section on page 12. 

Denormalized Number - A denormalized number represents a 
quantity with magnitude less than 2 -126 but greater than zero. 



Normalized Number - A normalized number represents a 
.quantity with magnitude greater than or equal to 2 -126 but less 
than 2128. 

Example 1 : 

The number +3.5 can be represented in floating-point format 
as follows: 

+3.5= 11.1 2 x2° 
= 1.11 2 x2 1 

sign = 

biased exponent = 1i +127i = 128i 

= 10000000 2 
fraction = 11000000000000000000000 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
40600000 16 . 
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Figure 6. IEEE Mode Single-Precision Floating-Point Format 
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VALUE = (-1)5 (2E-127) (1.F) 



Example 2: 
The number -11.375 can be represented in floating-point for- 



mat as follows 
-11.375 



1011.011 2 x2° 
= -1.011011 2 x2 3 

sign = 1 

biased exponent = 3in+127io = 130in 
= 10000010 2 

fraction = 01101100000000000000000 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
C1360000 16 . 

Infinity - Infinity can have either a positive or negative sign. The 
way in which infinities are interpreted is de term ined by the state of 
the projective/affine mode select, PROJ/AFF. 



Not-a-Number - A not-a-number, or NAN, does not represent a 
numeric value, but is interpreted as a signal or symbol. NANs are 
used to indicate invalid operations, and as a means of passing 
process status information through a series of calculations. NANs 
arise in two ways: they can be generated by the Am29325 to 
indicate that an invalid operation has taken place (e.g., infinity 
times zero), or they can be provided by the user as an input 
operand. There are two types of NANs: signalling and quiet. 
These NANs have the formats shown in Figure 7. 



IEEE Mode Integer Format 



Integer numbers are represented as 32-bit, two's complement 
words; Figure 8 depicts the integer format. The integer word can 
represent a range of integer values from -2 31 to 2 31 -1. 



Figure 7. Signalling and Quiet NAN Formats 
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Operations 

All eight floating-point ALU operations discussed in the Func- 
tional Description section above can be performed in IEEE mode. 
Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 



Example 3: 

Suppose the floating-point subtraction operation is performed 
with the following input operands: 

R port: FF800001 16 (quiet NAN) 
S port: 7F800000 16 (+=) 

Result: To create the final result, the quiet NANs sign bit (bit 
31) is forced LOW and bit 21 is forced HIGH (bit 22 is 
already LOW, and need not be changed). The final 
result will be 7FA00001 16 . The NAN flag will be HIGH. 



Operations with NANs - NANs arise in two ways: they can be 
generated by the Am29325 to indicate that an invalid operation 
has taken place (e.g., infinity times zero), or they can be provided 
by the user as an input operand. There are two types of 
NANs: signalling and quiet. These NANs have the formats 
shown in Figure 7. 

Signalling NANs set the invalid operation flag when they appear 
as an input operand to an operation. They are useful for indicating 
uninitialized variables, or for implementing user-designed exten- 
sions to the operations provided. The ALU never produces a 
signalling NAN as the final result of an operation. 

Quiet NANs are generated for invalid operations. When they 
appear as an input operand, they are passed through most oper- 
ations without setting the invalid flag, the floating-point-to- 
integer conversion operation being the exception. 

The sign of any input operand NAN is ignored. All quiet NANs 
produced as the final result of an operation have a sign of 0. 

When a NAN appears as an input operand, the final result of the 
operation is a quiet NAN that is created by taking the input NAN 
and forcing bit 22 LOW and bit 21 HIGH. If an operation has two 
NANs as input operands, the resulting quiet NAN is created using 
the NAN on the R port. 

When a quiet NAN is produced as the final result of an invalid 
operation whose input operand or operands are not NANs, the 
resulting NAN will always have the value 7FA00000i6- 

The NAN flag will be HIGH whenever an operation produces a 
NAN as a final result. 

Example 1: 

Suppose the floating-point addition operation is performed 
with the following input operands: 

R port: 3F800000 16 (1.0»2°) 

S port: 7FC12345 16 (signalling NAN) 

Result: The signalling NAN on the S port is converted to 
a quiet NAN by forcing bit 22 LOW and bit 21 HIGH. 
The operation's final result will be 7FA12345i6- Since 
one of the two input operands is a signalling NAN, 
the invalid flag will be HIGH; the NAN flag will also 
be HIGH. 

Example 2: 
Suppose the floating-point multiplication operation is per- 
formed with the following input operands: 

R port: FFF11111 16 (signalling NAN) 
S port: 7FC22222 16 (quiet NAN) 

Result: Since both input operands are NANs, the NAN on the 
R port is chosen for output. In addition to forcing bit 22 
LOW, the sign bit (bit 31) is set LOW (bit 21 is already 
HIGH, and need not be changed). The operation's final 
result will be 7FB11111i6- Since one of the two input 
operands is a signalling NAN, the invalid flag is HIGH; 
the NAN flag will also be HIGH. 



Operations with Denormalized Numbers - The proposed 
IEEE standard incorporates denormalized numbers to allow a 
means of gradual underflow for operations that produce non-zero 
results too small to be expressed as a normalized floating-point 
number. The Am29325 does not support gradual underflow. If a 
floating-point operation produces a non-zero rounded result that 
is not large enough to be expressed as a normalized floating- 
point number, the final result will be a zero of the same sign; the 
inexact, underflow, and zero flags will be HIGH. If an input 
operand is a denormalized number, the floating-point ALU will 
assume that operand to be a zero of the same sign. 

Operations Producing Overflows - If an operation has a finite 
input operand or operands, and if the operation produces a 
rounded result that is too large to fit in the destination format, that 
operation is said to have overflowed. 

A floating-point overflow occurs if an R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2 128 . Positive or negative infinity will appear as 
the final result if the rounded result is positive or negative, respec- 
tively, and the overflow and inexact flags will be HIGH. 

Integer overflow occurs when the fixed-to-floating-point conver- 
sion operation attempts to convert a number which, after round- 
ing, is greater than 2 31 -1 or less than -2 31 . The final result will 
be quiet NAN 7FA000O0i6, and the invalid operation and NAN 
flags will be HIGH. Note that the overflow and inexact flags 
remain LOW for integer overflow. 

Operations Producing Underflows - If an operation produces 
afloating-point rounded result having a magnitude too small to be 
expressed as a normalized floating-point number, but greater 
than zero, that operation is said to have underflowed. Underflow 
occurs when an R PLUS S, R MINUS S, or R TIMES S operation 
produces a result which, after rounding, has a magnitude in the 
range: 

< magnitude < 2~ 126 . 

In such cases, the final result will be +0 (00000000-| 6 ) if the 
rounded result is non-negative, and -0 (8OOOOOOO16) if the 
rounded result is negative. The underflow, inexact, and zero flags 
will be HIGH. 

Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than and less than 1 but the rounded 
result is 0, the underflow flag remains LOW. 

Operations with Infinities - In most cases, positive and nega- 
tive infinity are valid input arguments for the R PLUS S, R MINUS 
S, R TIMES S, and 2 MINUS S operations. Those cases for which 
infinities are not valid inputs for these operations are listed in the 
IEEE Mode Invalid Operations Table (see next page). 

Infinities in IEEE mode can be handled either as proje ctive or 
affine. The projective mode is selected when PROJ/AFF is HIGH; 



the affine mode is selected when PROJ/AFF is LOW. The only 
differences between the modes that are relevant to Am29325 
operation occur during the addition and subtraction of infinities: 



Operation 



Affine 

Mode 



Projective Mode 



(+»)+(+») 


Output +30 


Output 7FA00000 16 (quiet NAN), 
set invalid and NAN flags 


(-»)+<-») 


Output -30 


Output 7FA00000 16 (quiet NAN), 
set invalid and NAN flags 


(+*)-(-*) 


Output +» 


Output 7FA00000 16 (quiet NAN), 
set invalid and NAN flags 


(-»)-(+=) 


Output -oo 


Output 7FA00000 16 (quiet NAN), 
set invalid and NAN flags 



If an R PLUS S, R MINUS S, R TIMES S, or 2 MINUS S operation 
has infinity as an input operand or operands, the final result, if 
valid, is presumed to be exact. For example, adding +=c and 2.0 
will produce a final result of +=c; since the result is considered 
exact, the inexact flag remains LOW. 



precise result of zero, however, present a problem, as the IEEE 
floating-pointformat allows for representation of both +0and -0. 
(It should be noted that floating-point operations producing 
underflow results output a zero of the same sign as the final 
result, and are therefore unambiguous.) The following rules can 
be used to determine the signs of zero produced in such cases: 

R PLUS S - The operations +x + (-x) and -x + (+x) produce a 
final result of zero; the sign of the zero is dependent on the 
rounding mode: 



Rounding Mode 



Sign of Final Result 



Round to nearest 





Round toward -» 


1 


Round toward +=° 





Round toward 






The operation +0 + (+0) produces a final result of +0; the 
operation -0 + (-0) produces a final result of -0. 



Invalid Operations - If an input operand is invalid for the opera- 
tion to be performed, that operation is considered invalid. When 
an invalid operation is performed, the floating-point ALU pro- 
duces a quiet NAN as the final result, and the invalid operation 
flag goes HIGH. The IEEE Mode Invalid Operations Table lists 
the cases for which the invalid flag is HIGH in IEEE mode, and the 
final results produced for these operations. 

IEEE MODE INVALID OPERATIONS TABLE 
Operation Input Operand Final Result 



R MINUS S- The operations +x - (-t-x)and-x- (-x) produce 
a final result of zero; the sign of the zero is dependent on the 
rounding mode: 



R PLUS S 


( + 30) + (-00) 
Or (-03) + ( + 00) 


7FA00000 16 
(quiet NAN) 


R PLUS S 


( + 33) + ( + 03) 

or (-so) + (-=o) (Note 1) 


7FA00000 16 
(quiet NAN) 


R MINUS S 


(+">) " (+°°) 

Or (-3=) - (-30) 


7FA00000 16 
(quiet NAN) 


R MINUS S 


(+°°) - (-») 
or (-so) - (+so) (Note 1) 


7FA00000 16 
(quiet NAN) 


R TIMES S 


( + 0) • ( + 30) 

or (+0) • (-03) 
or (-0) . (+00) 
or (-0) . (-30) 


7FAOOO00i 6 
(quiet NAN) 


R PLUS S 
R MINUS S 
R TIMES S 


R or S is a signalling NAN 


(Note 2) 


2 MINUS S 


S is a signalling NAN 


(Note 2) 


FP-TO-INT 


R is a signalling or quiet NAN 


(Note 2) 


FP-TO-INT 


R> 231-1 
or R < - (231) 


7FA0OO00 t6 
(quiet NAN) 



Notes: 1 . These cases are invalid in projective mode only. 

2. Results for these operations are described in the Operations 
with NANs section. 



The Sign Bit 



For most floating-point operations, the sign bit of the final result is 
unambiguous, i.e., there is only one sign bit value that yields a 
numerically correct result. Operations that produce an infinitely 



Rounding Mode 



Sign of Result 



Round to nearest 





Round toward -03 


1 


Round toward +33 





Round toward 






The operation +0 - (-0) produces a final result of +0; the 
operation -0 - (+0) produces a final result of -0. 

R TIMES S - The sign of any multiplication result other than a 
NAN is the exclusive-OR of the signs of the input operands. 
Therefore, if x is non-negative, 

+0 times +x produces a final result of +0, 
+0 times -x produces a final result of -0, 
-0 times +x produces a final result of -0, 
-0 times -x produces a final result of +0. 

2 MINUS S - If S equals 2, the final result is -0 for the round 
toward -=° mode, and +0 for all other rounding modes. 



Rounding 



Rounding is performed whenever an operation produces an infi- 
nitely precise result that cannot be represented exactly in the 
destination format. For example, suppose a floating-point opera- 
tion produces the infinitely precise result 

1.10101010101010101010101X01 x 23. 

In this example, the fraction portion of the mantissa has twenty- 
five bits; the IEEE floating-point format can accommodate only 
twenty-three. The backslash (\) in the mantissa represents the 
boundary between the first twenty-three bits of the fraction and 
any remaining bits. Rounding is the process by which this result is 
approximated by a representation that fits the destination format. 
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There are four rounding modes in IEEE mode: round to nearest, 
round toward +=, round toward -=, and round toward 0. The 
rounding mode is chosen using the rounding mode select lines, 
RND and RND^ The Rounding Mode Select Table lists the 
select states needed to obtain the desired rounding mode. 



ROUNDING MODE SELECT TABLE 



RND, 



RNDo 



Rounding Mode 









Round to nearest 





1 


Round toward -=c 


1 





Round toward +* 


1 


1 


Round toward 



Round to Nearest - In this rounding mode the infinitely precise 
result of an operation is rounded to the closest representation that 
fits in the destination format. If the infinitely precise result is 
exactly halfway between two representations, it is rounded to the 
representation having an LSB of zero. Rounding is performed 
both for floating-point and integer destination formats. 

Figure 9 illustrates four examples of the round to nearest process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 

Example 1 : 
In Figure 9(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1.00000000000000000000000 11 X 220. 



The result is rounded to the closest representable floating-point 

value, 

220+2-3 = 1.00000000000000000000001 X 220. 

Example 2: 
In Figure 9(b), the infinitely precise result of an operation is: 
220-2-4+2-8= 1.11111111111111111111111 0001 X 219. 

This result is rounded to the closest representable floating-point 
value, 

220-2-4 =1.11111111111111111111111 X219. 

Example 3: 

In Figure 9(c), the infinitely precise result of an operation is: 

-(220+2-3+2-4) 
= -1.00000000000000000000001M x 220. 

This result is exactly halfway between two representable 
floating-point values. Accordingly, it is rounded to the closest 
representation with an LSB of zero, or 
-(220+2.2-3) = -1.00000000000000000000010 X 220. 

Example 4: 
In Figure 9(d), the infinitely precise result of an operation is: 
220+3*2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point 
format, and is left unaltered by the rounding process. 



Figure 9. Floating-Point Rounding Examples for Round to Nearest Mode 



_ (2 20 _ 3 . 2 -4)_ 



_ (2 20 _ 2-")-, 



2 20 _ 2-4 



2 20 _ 3 • 2-4 



• a |A- 



~l 



ROUND TO 220 + 2 -3 



I I I I I 

-<2 2 ° + 3 • 2-3) | -(220 + 2-3) | -(2 2 ° - 2 • 2"") 

-(2 2 » + 2 • 2-3) -(220) 



o o o % ■ 



t-J- 



I 



a) 



2 20 _ 2 • 2" 4 | / 220 + 2-3 | 2 20 + 3 • 2 

2 20 / 2 20 + 2- 2-3 

ROUND TO 2 2 _ 2 -4 ^- 2 20 + 2 -4 + 2 -5 



O /~~~~l / ° c * X * 



ROUND TO -(2 20 + 2- 3 ) 



-(220 + 2 -3 + 2-4) 



b) 



220 _ 2~ 4 + 2 -8 



-• — / — | — f- 



_© e * ©- 



c) 



" O O O O i/l| / fr o o 



d) 



NO CHANGE 
220 + 3 • 2-3 



13 



Figure 10 illustrates four examples of the round to nearest 
process for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the integer format. 

Example 1 : 

In Figure 10(a), the infinitely precise result of an operation is: 

210-2-2 = 00...001111111111.11. 

The result is rounded to the closest representable integer value, 
210 = 00.. .01 0000000000. 

Example 2: 

In Figure 10(b), the infinitely precise result of an operation is: 

210+20+2-3 = 00...010000000001.001. 

This result is rounded to the closest representable floating-point 
value, 

210+20 = 00.. .01 0000000001. 



Example 3: 
In Figure 10(c), the infinitely precise result of an operation is: 
-(210+20+2-1) = 11...101111111110.1. 

This result is exactly halfway between two representable integer 
values. Accordingly, it is rounded to the closest representation 
with an LSB of zero, or 

-(210+2*20) = 11. ..101111111110. 

Example 4: 
In Figure 10(d), the infinitely precise result of an operation is: 
210+3,20 = 00...010000000011. 

This result can be represented exactly in the integer format, and 
is left unaltered by the rounding process. 



Figure 10. Integer Rounding Examples for Round to Nearest Mode 
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Round Toward -°° - In this rounding mode the result of an 
operation is rounded to the closest representation that is less than 
or equal to the infinitely precise result, and which fits the destina- 
tion format. Rounding is performed both for floating-point and 
integer destination formats. 

Figure 11 illustrates four examples of the round toward -= pro- 
cess for operations having a floating-point destination format. 
The infinitely precise result of an operation is represented by an X 
on the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 

Example 1 : 
In Figure 11(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1. 00000000000000000000000X11 X 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point repre- 
sentation: 
220 = 1.00000000000000000000000 X 220. 

Example 2: 
In Figure 11(b), the infinitely precise result of an operation is: 
220-2-4+2-8= 1.11111111111111111111111X0001 X 219. 



This result cannot be represented exactly in floating-point for- 
mat, and is rounded to the next-smaller floating-point rep- 
resentation: 
220-2-4= 1.11111111111111111111111 X219. 



Example 3: 

In Figure 11(c), the infinitely precise result of an operation is: 

-(220+2-3+2-4) 
= -1.00000000000000000000001X1 X 220. 

This result cannot be represented exactly in floating-point 

format, and is rounded to the next-smaller floating-point 

representation: 

-(220+2*2-3) = -1.00000000000000000000010 X 220. 



Example 4: 
In Figure 11(d), the infinitely precise result of an operation is: 
220+3«2-3 = 1.00000000000000000000011 X 220. 

This result can be represented exactly in the floating-point 
format, and is left unaltered by the rounding process. 



Figure 11. Floating-Point Rounding Examples for Round Toward - °° Mode 
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Figure 12 illustrates four examples of the round toward -=» pro- 
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 
Example 1 : 

In Figure 12(a), the infinitely precise result of an operation is: 

210-2-2 = 00...001 111111111.11. 

The result is rounded to the next-smaller representable integer 
value, 

210-20 = 00.. .001111111111. 

Example 2: 
In Figure 12(b), the infinitely precise result of an operation is: 
210+20+2-3 = 00.. .010000000001 .001. 



This result is rounded to the next-smaller representable integer 
value, 

210+20 = 00...010000000001. 

Example 3: 

In Figure 12(c), the infinitely precise result of an operation is: 

-(210+20+2-1) = 11... 101111111110.1. 

This result is rounded to the next-smaller representable integer 
value: 

-(210+2*20) = 11...101111111110. 

Example 4: 

In Figure 12(d), the infinitely precise result of an operation is: 

210+3*20 = 00... 01 0000000011. 

This result can be represented exactly in the integer format, and 
is unaltered by the rounding process. 



Figure 12. Integer Rounding Examples for Round Toward - oo Uo6e 
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Round Toward +«> - In this rounding mode the result of an 
operation is rounded to the closest representation that is greater 
than or equal to the infinitely precise result, and which fits the 
destination format. Rounding is performed both for floating-point 
and integer destination formats. 

Figure 13 illustrates four examples of the round toward +=c 
process for operations having a floating-point destination 
format. The infinitely precise result of an operation is represented 
by an X on the number line; the black dots on the number line 
indicate those values that can be represented exactly in the 
floating-point format. 

Example 1: 

In Figure 13(a), the infinitely precise result of an operation is: 

220+2-4+2-5 = 1. 00000000000000000000000 YI1 X 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 
sentation: 

220 + 2-3 = 1.00000000000000000000001 X 220. 

Example 2: 

In Figure 13(b), the infinitely precise result of an operation is: 

220-2-4+2-8= 1.11111111111111111111111\0001 X 219. 



This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 
sentation: 

220 = 1.00000000000000000000000 X 220. 



Example 3: 

In Figure 13(c), the infinitely precise result of an operation is: 

-(220+2-3+2-4) 
= -1.00000000000000000000001 M x220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre- 
sentation: 

-(220+2-3) = -1.00000000000000000000001 X 220. 



Example 4: 

In Figure 13(d), the infinitely precise result of an operation is: 

220+3.2-3 = 1.00000000000000000000011 X 220. 

This result can be represented exactly in the floating-point for- 
mat - no rounding takes place. 



Figure 13. Floating-Point Rounding Examples for Round Toward + °° Mode 
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Figure 14 illustrates four examples of the round toward +=° pro- 
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1 : 

In Figure 14(a), the infinitely precise result of an operation is: 

210-2-2 = 00...001 1 1 1 1 1 1 1 1 1 .1 1 . 

The result is rounded to the next-larger representable integer 
value, 

210 = 00... 01 0000000000. 

Example 2: 

In Figure 14(b), the infinitely precise result of an operation is: 

210+20+2-3 = 00.. .010000000001.001. 



This result is rounded to the next-larger representable integer 
value, 

210+2.20 = 00...01 0000000010. 
Example 3: 
In Figure 14(c), the infinitely precise result of an operation is: 
_(210+ 2O+2-1) = 11-101111111110.1 

This result is rounded to the next-larger representable integer 
value: 

-(210+20) = 11...1011111111110. 

Example 4: 

In Figure 14(d), the infinitely precise result of an operation is: 

210+3,20 = 00...01 0000000011. 

This result can be represented exactly in the integer format - no 
rounding takes place. 



Figure 14. Integer Rounding Examples for Round Toward + oo Mode 
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Round Toward - In' this rounding mode the result of an 
operation is rounded to the closest representation whose mag- 
nitude is less than or equal to the infinitely precise result, and 
which fits the destination format. Rounding is performed both for 
floating-point and integer destination formats. 

Figure 15 illustrates four examples of the round toward process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the floating-point 
format. 



Example 1 : 
In Figure 15(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1. 00000000000000000000000X11 X 220. 

This result cannot be represented exactly in floating-point 

format, and is rounded to: 

220 = 1.00000000000000000000000 X 220. 



Example 2: 

In Figure 15(b), the infinitely precise result of an operation is: 

220-2-4+2-8 = 1.11111111111111111111111\001 X219. 

This result cannot be represented exactly in floating-point 
format, and is rounded to: 

220-2-4 = 1.11111111111111111111111 x219. 
Example 3: 
In Figure 15(c), the infinitely precise result of an operation is: 
-(220+2-3+2-4) 
= -1.00000000000000000000001 VI x220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to: 

-(220+2-3) = -1.00000000000000000000001 X 220. 
Example 4: 
In Figure 15(d), the infinitely precise result of an operation is: 
220+3,2-3 = 1 .0000000000000000000001 1 X 220. 
This result can be represented exactly in the floating-point 
format, and is unaffected by the rounding process. 



Figure 15. Floating-Point Rounding Examples for Round Toward Mode 
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Figure 16 illustrates four examples of the round toward process 
for operations having an integer destination format. The infinitely 
precise result of an operation is represented by an X on the 
number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1 : 
In Figure 16(a), the infinitely precise result of an operation is: 
210-2-2 = 00...001111111111.11. 
The result is rounded to: 
210-20 = 00...001111111111. 

Example 2: 

In Figure 16(b), the infinitely precise result of an operation is: 

210+20+2-3 = 00...010000000001.001. 

The result is rounded to: 

210+20 = 00...01 0000000001. 
Example 3: 

In Figure 16(c), the infinitely precise result of an operation is: 

-(210+20+2-1) = 1 1...101 111111110.1. 

This result is rounded to: 

-(210+20) = 11...101111111111. 
Example 4: 

In Figure 16(d), the infinitely precise result of an operation is: 

210+3,20 = 00...010000000011. 

This result can be represented exactly in the integer format, and 
is unaffected by the rounding process. 



Flag Operation 



The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is a summary of flag conven- 
tions in IEEE mode: 

Invalid Operation Flag — The invalid operation flag is HIGH 
when an input operand is invalid for the operation to be per- 
formed. The IEEE Mode Invalid Operations Table on page 12 
lists the cases for which the invalid operation flag is HIGH in IEEE 
mode, and the corresponding final result. In cases where the 
invalid operation flag is HIGH, the overflow, underflow, zero, and 
inexact flags are LOW; the NAN flag will be HIGH. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, 
R MINUS S, R TIMES S, or 2 MINUS S operation with finite in- 
put operand(s) produces a result which, after rounding, has a 
magnitude greater than or equal to 2128. The final result will be 
+=o or — =°. 

Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 

< magnitude < 2-126. 

The final result will be +0 (00000000-ie) if the rounded result is 
non-negative, and -0 (8OOOOOOO16) if the rounded result is 
negative. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflow flag is HIGH, the inexact flag 
will also be HIGH. 



Figure 16. Integer Rounding Examples for Round Toward Mode 
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Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an IEEE floating- 
point number, the flag accompanies outputs +0 (00000000-ie) 
and -0 (8OOOOOOO16). For operations producing an integer, the 
flag accompanies the output (OOOOOOOOig). 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a NAN 
as a final result. 



DEC Reserved Operand - A DEC reserved operand does not 
represent a numeric value, but is interpreted as a signal or sym- 
bol. DEC reserved operands are used to indicate invalid opera- 
tions and operations whose results have overflowed the destina- 
tion format. They may also be used to pass symbolic information 
from one calculation to another. 

Normalized Number - A normalized number represents a 
quantity with magnitude greater than or equal to 2-128 but less 
than 2127. 



OPERATION IN DEC MODE 



When input signal IEEE/DEC is LOW, the DEC mode of operation 
is selected. In this mode the Am29325 uses the single-precision 
floating-point format (floating F) set forth in Digital Equipment 
Corporation's VAX Architecture Manual. In addition, the DEC 
mode complies with most other aspects of single-precision 
floating-point operation outlined in the manual - differences are 
discussed in Appendix B. 



DEC Floating-Point Format 



The DEC single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 17. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 

The sign bit indicates the sign of the floating-point number's 
value. Non-negative values have a sign of 0, negative values a 
sign of 1 . 

The biased exponent is an eight-bit unsigned integer field repre- 
senting a multiplicative factor of some power of two. The bias 
value is 128. If, for example, the multiplicative factor for a 
floating-point number is to be 2a, the value of the biased expo- 
nent would be a+ 128; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number's 24-bit man- 
tissa. The weight of this field's most significant bit is 2-2; the 
weight of the least-significant bit is 2-24. 

A floating-point number is evaluated or interpreted per the fol- 
lowing conventions: 

let s = sign bit 

e = biased exponent 
f = fraction 

if e = and s = . . . value = 
if e = and s = 1 . . . value = DEC reserved operand 
if < e s 255 . . value = (-1)s.(2e-i28).(.if) 
(normalized number) 

Zero - The value zero always has a sign of zero. 



Example 1 : 

The number +3.5 can be represented in floating-point format as 
follows: 

+3.5 = 11.1 2 x20 
= .111 2 x22 

sign = 

biased exponent = 2-|n + 128-io = 130to 
= 10000010 2 

fraction = 11000000000000000000000 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
41600000 16 . 

Example 2: 

The number -11.375 can be represented in floating-point 
format as follows: 

-11.375= -1011.011 2 x2 n 
= -.1011011 2 x24 

sign = 1 

biased exponent = 4iq + 128in = 132-| 
= 10000100 2 

fraction = 01101100000000000000000 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
C2360000 16 . 

DEC Mode Integer Format 



DEC mode integer format is identical to that of the IEEE mode. 
Integer numbers are represented as 32-bit, two's complement 
words: Figure 7 depicts the integer format. The integer word can 
represent a range of integer values from -231 to 231-1. 



Operations 

All eight floating-point ALU operations discussed in the Gen- 
eral Description section can be performed in DEC mode. 



Figure 17. DEC-Mode Floating-Point Format 
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Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The IEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
IEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 

Operations with DEC Reserved Operands - DEC reserved 
operands arise in two ways: they can be generated by the 
Am29325 to indicate that an invalid operation or floating-point 
overflow has taken place, or they can be provided by the user as 
an input operand. 

When a DEC reserved operand appears as an input operand, the 
final result of the operation is the same DEC reserved operand. If 
an operation has two DEC reserved operands as inputs, the DEC 
reserved operand on the R port becomes the final result. 

The NAN flag will be HIGH whenever an operation produces a 
DEC reserved operand as a final result. 

Example 1: 

Suppose the floating-point addition operation is performed with 
the following input operands: 

R port: 40800000 16 (0.1*21) 

S port: 80012345 16 (DEC reserved operand) 

Result: This operation produces the DEC reserved operand on 

the S port, 8001 2345 16 , as the final result. The NAN flag 

will be HIGH. 

Example 2: 

Suppose the floating-point multiplication operation is performed 
with the following input operands: 

R port: 80765432 16 (DEC reserved operand) 

S port: 80000001 16 (DEC reserved operand) 

Result: Since both input operands are DEC reserved operands, 
the operand on the R port, 80765432 16 , is the final 
result of the operation. The NAN flag will be HIGH. 

Operations Producing Overflows - If an operation produces a 
rounded result that is too large to fit in the destination format, that 
operation is said to have overflowed. 

A floating-point overflow occurs if a R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2127. The final result in such cases will be DEC 
reserved operand 80000000-16; the overflow, inexact, and NAN 
flags will be HIGH. 

Integer overflow occurs when the fixed-to-floating-point conver- 
sion operation attempts to convert to integer a floating-point 
number which, after rounding, is greater than 2 31 - 1 or less than 
-2 3 1. The final result in such cases will be DEC reserved 
operand 80000000-| 6 ; the invalid operation flag will be HIGH. 
Note that the overflow and inexact flags remain LOW for integer 
overflow. 

Operations Producing Underflows - If an operation produces 
a floating-point result which, after rounding, has a magnitude 
too small to be expressed as a normalized floating-point num- 
ber, but greater than zero, that operation is said to have under- 
flowed. Underflow occurs when an R PLUS S, R MINUS S, or R 
TIMES S operation produces a result which, after rounding, 
has magnitude: 

< magnitude < 2-128. 

The final result in such cases will be (OOOOOOOO16). The under- 
flow, inexact, and zero flags will be HIGH. 



Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than and less than 1 , but the rounded 
result is 0, the underflow flag remains LOW. 

Invalid Operations - If an input operand is invalid forthe opera- 
tion to be performed, that operation is considered invalid. In DEC 
mode, there are only two invalid operations: 

- Performing a floating-point-to-integer conversion on a value 
too large to be expressed as a 32-bit integer. In this case the 
final result will be DEC reserved operand 80000000-| 6 , and the 
invalid operation and NAN flags will be HIGH. 

- Performing a floating-point-to-integer conversion on a DEC 
reserved operand. In this case the final result will be the input 
DEC reserved operand, and the invalid operation and NAN 
flags will be HIGH. 



Sign Bit 



For all operations producing a DEC floating-point result, the sign 
bit of the final result is unambiguous, i.e., there is only one sign bit 
value that yields a numerically correct result. 



Rounding 



There are four rounding modes for DEC operation: round to 
nearest, round toward +=°, round toward -°°, and round toward 0. 
The round toward +=°, round toward -=°, and round toward 
modes are performed in a manner identical to that for IEEE 
operation; refer to the Rounding section under Operation in 
IEEE Mode on page 12. The round to nearest mode is similar to 
that for IEEE operation, but differs in one respect: for the case in 
which the infinitely-precise result of an operation is exactly 
halfway between two representable values, DEC round to 
nearest mode rounds to the value with the larger magnitude, 
rather than to the value whose LSB is 0. 



Flag Operation 



The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is a summary of flag operation 
in DEC mode: 

Invalid Operation Flag - The invalid operation flag is HIGH if the 
FP-TO-INT operation is performed on a floating-point number too 
large to be converted to an integer, or on a DEC reserved 
operand. If the FP-TO-INT operation is performed on a floating- 
point number too large to be converted to integer, the final result is 
the DEC reserved operand 80000000 16 . If the FP-TO-INT oper- 
ation is performed on a DEC reserved operand, that operand 
becomes the final result. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, R 
MINUS S, R TIMES S, or 2 MINUS S operation produces a result 
which, after rounding, has a magnitude greater than or equal to 
21 27 The final result will be the DEC reserved operand 
80000000 16 . 
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Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 

< magnitude < 2-128. 

The final result will be (OOOOOOOO16) in such cases. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflowflag is HIGH, the inexactflag 
will also be HIGH. 

Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an integer or a DEC 
floating-point number, the flag accompanies the output 
(00000000-16)- (It should be noted that any operation producing a 
floating-point in DEC mode will output OOOOOOOO^.) 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a DEC 
reserved operand as the final result. 



does the round mode have any affect on the final result. There 
are, however, a few exceptional cases: 

a.) If the IEEE floating-point input has a magnitude greater than 
or equal to 2 127 , it is too large to be represented by a DEC 
floating-point number. The final result will be the DEC re- 
served operand 80000000ig; the overflow, inexact, and NAN 
flags will be HIGH. 

b.) If the IEEE floating-point input is a NAN, the final result will be 
the DEC reserved operand 8OOOOOOO16; the invalid and NAN 
flags will be HIGH. 

c.) If the IEEE floating-point input is a denormalized number, 
the final result will be a DEC (OOOOOOOO^); the zero flag 
will be HIGH. 

d.) If the IEEE floating-point input is +0 or -0, the final result will 
be a DEC (00000000 16 ); the zero flag will be HIGH. 



DEC-TO-IEEE Conversion 



IEEE-TO-DEC AND DEC-TO-IEEE OPERATIONS 



The IEEE-TO-DEC and DEC-TO-IEEE operations are used to 
convert floating-point numbers between the IEEE and DEC for- 
mats. _Both operations work in a manner independent of the 
IEEE/DEC mode control. 



IEEE-TO-DEC Conversion 



This operation converts an IEEE floating-point number to DEC 
floating-point format. Most conversions are exact; in no case 



This operation converts a DEC floating-point number to IEEE 
floating-point format. Most conversions are exact; in no case 
does the round mode have any affect on the final result. There 
are, however, a few exceptional cases: 

a.) If the DEC floating-point input is not 0, but has a magnitude 
less than 2-126, jt is too small to be expressed as a nor- 
malized lEEEfloating-point number. The final result will be an 
IEEE floating-point having the same sign as the input 
(00000000-16 for positive inputs and 8OOOOOOO16 for negative 
inputs); the underflow, inexact, and zero flags will be HIGH. 

b.) If the DEC floating-point input is a DEC reserved operand, the 
final result will be quiet NAN 7FA00000ig; the invalid opera- 
tion and NAN flags will be HIGH. 

c.) If the DEC floating-point input is 0, the final result will be IEEE 
floating-point +0 (OOOOOOOO16); the zero flag will be HIGH. 
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APPENDIX A: 



Differences Between the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic and the Am29325's IEEE Mode 



Traps 



When operated in IEEE mode, the Am29325 High-speed 
Floating-Point Processor complies with the single-precision por- 
tion of the IEEE Proposed Standard for Binary Floating-Point 
Arithmetic (P754, draft 10.0) in most respects. There are, how- 
ever, several differences: 



The proposed IEEE standard stipulates that the user be able to 
request a trap on any exception. The Am29325 does not support 
trap operation, and behaves as if traps are disabled. 



Resetting of Flags 



Denormalized Numbers 



The Am29325 does not handle denormalized numbers. A de- 
normalized input will be converted to a zero of the same sign 
before the specified operation takes place. The operation pro- 
ceeds in exactly the same manner as if the input were +0 or -0, 
producing the same numerical result and flags. 

If the result of an operation, after rounding, has a magni- 
tude smaller than 2~ 126 , the result is replaced by a zero of the 
same sign. 



Representation of Overflows 



In some rounding modes, the proposed IEEE standard requires 
that overflows be represented as the format's most positive or 
most negative finite number. In particular: 

- When rounding toward 0, all overflows should produce a result 
of the largest representable finite number with the sign of the 
intermediate result. 

- When rounding toward -=°, all positive overflows should pro- 
duce a result of the largest representable positive finite 
number. 

- When rounding toward +=°, all negative overflows should 
produce a result of the largest representable negative finite 
number. 

The Am29325, however, always represents positive overflows as 
+=■= and negative overflows as -°°, regardless of rounding mode. 



The proposed IEEE standard states that once an exception flag 
has been set, it is reset only at the user's request.The Am29325's 
flags, however, reflect the status of the most recent operation. 



Generation of the Underflow Flag 



The proposed IEEE standard suggests several possible criteria 
for determining if underflow occurs. These criteria generate 
underflow flags that differ in subtle ways. The underflow criteria 
chosen for the Am29325 stipulate that underflow occurs if: 

a) the rounded result of an operation has a magnitude in the 
range: 

< magnitude < 2~ 126 , 

and 

b) the final result is not equal to the infinitely precise result. 

Since the Am29325 never produces a denormalized number as 
the final result of a calculation, condition (b) is true whenever (a) is 
true. Note, then, that the operation of the Am29325's underflow 
flag is somewhat different than that of an "IEEE standard" system 
using the same underflow criteria. For example, if an operation 
should produce an infinitely precise result that is exactly 2~ 127 , 
an "IEEE standard" system would produce that value as the final 
result, expressed as a denormalized number. Since that system's 
final result is exact, the underflow flag would remain LOW. The 
Am29325, on the other hand, would output zero; since its final 
result is not exact, the underflow flag would be HIGH. 



Projective Mode 



The proposed IEEE standard provides only for an affine mode to 
control the handling of infinities. The Am29325 provides both 
affine and projective modes; the desired mode can be selected by 
the user. 
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APPENDIX B: 



Differences Between DEC VAX and Am29325 DEC Mode 



Operation in DEC mode complies with most aspects of single- 
precision floating-point operation outlined in the Digital Equip- 
ment Corporation's VAX Architecture Manual. However, there 
are some differences that should be noted: 



The Am29325 does not directly support DEC traps and faults. 
Rather, it indicates unusual conditions by setting one or more of 
the six status flags HIGH. Table d2 describes flag operation in 
DEC mode. 



Integer Overflow 



Format 



The Am29325's DEC format is: 



sign - bit 31 

exponent - bits 30- 
mantissa - 22-0 
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The VAX format is: 

sign - bit 15 

exponent - 14-7 
mantissa - bits 6-0, bits 31- 



16. 



In both cases, fields are listed from MSB to LSB, with bit 31 the 
MSB of the 32-bit word. The Am29325's DEC format can be 
converted to VAX format by swapping the 16 LSBs and 16 MSBs 
of the 32-bit word. 



Flags vs. Exceptions 



In DEC VAX operation, certain unusual conditions arising during 
system operation may incur an exception, or an indication to the 
operating system that special handling is needed. 

The VAX recognizes a number of arithmetic exceptions. The 
following exceptions are relevant to the operations supported by 
the Am29325: 

Integer overflow trap - indicates that the last operation 
produced an integer overflow. The LSBs of the correct result 
are stored in the destination operand. 

Floating-point overflow trap/fault - indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude greater than or equal 
to 2 127 . A trap replaces the destination operand with the 
DEC reserved operand 80000000 16 ; a fault leaves the de- 
stination operand unchanged. 

Floating-point underflow trap/fault - indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude less than 2 -128 A 
trap replaces the destination operand with zero; a fault 
leaves the destination operand unchanged. 

Reserved operand fault - indicates that the last operation 
had a reserved operand as an input. The destination 
operand is unchanged. 



In cases of integer overflow, the VAX signals the integer overflow 
trap and stores the LSBs of the correct result. The Am29325 sets 
the invalid operation flag and outputs the DEC reserved operand 
80000000 16 . 



Floating-Point Underflow/Overflow Operation 



The VAX Architecture Manual specifies the action to be taken on 
the destination operand when floating-point underflow or over- 
flow is encountered. The Am29325 has no immediate control 
over this destination operand, as it resides somewhere off-chip, 
either in a register or memory location. This isn't so much a 
difference between the VAX specification and Am29325 opera- 
tion as it is a difference in scope. 

The Am29325 responds to floating-point underflow by producing 
a final result of (OOOOOOOO-ie); the underflow, inexact, and zero 
flags will be HIGH. It responds to floating-point overflow by pro- 
ducing the DEC reserved operand 8OOOOOOO16 as the final result; 
the overflow, inexact, and NAN flags will be HIGH. 



Handling of DEC Reserved Operands 



If an operation has a DEC reserved operand as an input, the 
Am29325 will produce that operand as the final result. If an 
operation has two input arguments and both are DEC reserved 
operands, the operand on port R becomes the final result. For the 
VAX, operations with a DEC reserved operand input or inputs do 
not modify the destination operand. As mentioned above, control 
of the destination operand is beyond the scope of the Am29325's 
operation. 



Inexact Flag 



The Am29325 provides an inexact flag to indicate that the final 
result produced by an operation is not equal to the infinitely 
precise result. The VAX does not provide this flag. 
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APPENDIX C: 



Performing Floating-Point Division on the Am29325 



While the Am29325 does not have a floating-point division in- 
struction, it can be used to evaluate reciprocals. The division: 

C = A/B 

can then be performed by evaluating: 

C = A.(1/B). 

Only a modest amount of external hardware is needed to imple- 
ment the reciprocal function. 

The technique for calculating reciprocals is based on the 
Newton-Raphson method for obtaining the roots of an equation. 
The roots of equation: 

F(x) = 
can be found by iteratively evaluating the equation 

Xi+1 = X| - F(xj)/F'(xi). 
The process begins by making a guess as to the value of xj, and 
using this guess or "seed" value to perform the first iteration. 
Iterations are continued until the root is evaluated to the desired 
accuracy. The number of iterations needed to achieve a given 
accuracy depends both on the accuracy of the seed value and the 
nature of F(x). 

Now consider the equation 

F(x) = (1/x) - B. 

The root of F(x) is 1/B. The reciprocal of B, then, can be found by 
using the Newton-Raphson method to find the root of F(x). The 
iterative equation for finding the root is 

Xi+1 = X| - F(xj)/F'(xj) 

= Xj - (1/Xj - B)/-( Xi )-2 
= Xj (2-B.xi). 

It can be shown that, in order for this iterative equation to con- 
verge, the seed value xo must fall in the range 

< x < 2/B if B > 
or 2/B < x < if B < 0. 

For example, if the reciprocal of 3 is to be evaluated, the seed 
value must be between and 2/3. 

The error of Xj reduces quadratically; that is, if the error of Xj is e, 
the error is reduced to order e 2 by the next iteration. The number 
of bits of accuracy in the result, then, roughly doubles after every 
iteration. While this is only an approximation of the actual error 
produced, it is a handy rule-of-thumb for determining the number 
of iterations needed to produce a result of a certain accuracy, 
given the accuracy of the seed. 

Example 1 : 

Find the reciprocal of 7.25. 
Solution: 

The seed value must fall in the range 
< x < 2/7.25 
or < x < .275862. 
Suppose xo is chosen to be .1 

Iteration 1: x^ = xo (2-B»xo) 

= .1(2-(7.25)(.1)) 
= .1275 



Iteration 2: X2 = xi (2-B»x-|) 

= .1275(2-(7.25) (.1275)) 
= .1371421875 

Iteration 3: X3 = X2(2-B«X2) 
= .1371421875» 

(2-(7.25) (.1371421875)) 
= .1379265230 

The actual value of 1/7.25, to ten decimal places, is 
.1379310345. 

The error after each iteration is: 



Iteration 



Error to Ten Places 






.1 


-0.0379310345 


1 


.1275 


-0.0104310345 


2 


.1371421875 


-0.0007888470 


3 


.1379265230 


-0.0000045115 



Example 2: 

Find the reciprocal of -.3. 
Solution: 

The seed value must fall in the range 
2/(-.3) < x < 
or -6.66 < x < 0. 
Suppose x is chosen to be -2.0. 

Iteration 1: x-| = xo(2-B*xo) 

= -2.0(2-(-.3) (-2.0)) 
= -2.8 

Iteration 2: x 2 = x-| (2-B«x-|) 

= -2.8(2-(-.3) (-2.8)) 
= -3.248 

Iteration 3: X3 = X2<2-B*X2) 

= -3.248(2-(-,3) (-3.248)) 
= -3.3311488 

Iteration 4: X4 = X3(2-B*X3) 
= -3.3311488* 

(2-(-.3) (-3.3311488)) 
= -3.333331902 

The actual value of 1/(-.3), to ten decimal places, is 
-3.333333333. 

The error after each iteration is: 

i xi Error to Ten Places 






-2.0 


1.333333333 


1 


-2.8 


0.533333333 


2 


-3.248 


0.085333333 


3 


-3.3311488 


0.002184533 


4 


-3.333331902 


0.000001431 



In order to implement the Newton-Raphson method on the 
Am29325, some means is needed to generate the seed used 
in the first iteration. One approach is to place a hardware 
seed look-up table between the R bus and the Am29325; see 
Table d . A more detailed diagram of the look-up table appears 
in Figure c2. 
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TABLE d . CONTENTS OF THE SEED EXPONENT PROM 



DEC 


IEEE 


Address (16) 


Data (16) 


Address (16) 


Data (16) 


000 


(Note 1) 


100 


FD 


001 


(Note 1) 


101 


FC 


002 


FF 


102 


FB 


003 


FE 


103 


FA 


004 


FD 


104 


F9 


005 


FC 


105 


F8 


006 


FB 


106 


F7 


007 


FA 


107 


F6 


008 


F9 


108 


F5 


009 


F8 


109 


F4 


00A 


F7 


10A 


F3 


00B 


F6 


10B 


F2 


OOC 


F5 


10C 


F1 


00D 


F4 


10D 


FO 


00E 


F3 


10E 


EF 


OOF 


F2 


10F 


EE 


010 


F1 


110 


ED 


011 


FO 


111 


EC 


012 


EF 


112 


EB 


OEE 


13 


1EE 


OF 


OEF 


12 


1EF 


OE 


OFO 


11 


1F0 


OD 


0F1 


10 


1F1 


OC 


0F2 


OF 


1F2 


OB 


0F3 


OE 


1F3 


OA 


0F4 


OD 


1F4 


09 


0F5 


OC 


1F5 


08 


0F6 


OB 


1F6 


07 


0F7 


OA 


1F7 


06 


0F8 


09 


1F8 


05 


0F9 


08 


1F9 


04 


OFA 


07 


1FA 


03 


OFB 


06 


1FB 


02 


OFC 


05 


1FC 


01 


OFD 


04 


1FD 


(Note 2) 


OFE 


03 


1FE 


(Note 2) 


OFF 


02 


1FF 


(Note 2) 



Notes: 1 . The reciprocals of these numbers are too large to be represented in DEC 
format. 
2. The reciprocals of these numbers are too small to be represented in 
normalized IEEE format. 



Figure d. Adding a Hardware Look-Up Table to the Am29325 



HARDWARE 

LOOK-UP 

TABLE 



E 
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The look-up table has two sections: a biased exponent look-up 
PROM and a fraction look-up PROM. The seed biased exponent 
look-up table is stored in a 512-by-8-bit PROM. This table con- 
sists of two sections - the DEC format section, which occupies 
addresses OOO-OFFig, and the IEEE section, which occupies 
addresses 100-1FFi 6 . The appropriate table will be selected 
autom atically if address line As is wired to the Am29325's IEEE/ 
DEC pin. The equations implemented by these table sections are: 

DEC table: seed biased exponent 

= 257io -input biased exponent 
IEEE table: seed biased exponent 

= 252io -input biased exponent 
Table d lists the contents of this PROM. 

The seed fraction look-up table is stored in one or more PROMs, 
the number of PROMs depending on the desired accuracy of the 
seed value. The hardware depicted in Figure c2 uses two 4K- 
by-8-bit PROMs to implement a fraction look-up table whose 



inputs are the 12 MSBs of the input argument's fraction. These 
PROMs output the 16 MSBs of the seed's fraction field - the 
remaining 7 bits of fraction are set to 0. The equation im- 
plemented in this table is: 



seed fraction 



-1, 



1 + input fraction 

where the value of the input fraction falls in the range 

=s input fraction < 1 . 

Note that the seed fraction must also be constrained to fall in 
the range 

== seed fraction < 1 . 

Therefore, if the input fraction is 0, the corresponding seed frac- 
tion stored in the table must be .1 1 1 1 ...1 1 1 2 , not 1 .O2. The same 
seed fraction look-up table may be used for both IEEE and DEC 
formats. Table c2 contains a partial listing for the seed fraction 
look-up table shown in Figure c2. 



TABLE c2. CONTENTS OF THE SEED FRACTION PROMs 









PROM Outputs (16) 


Address (16) 


Value of Input Fraction (10) 


Value of Seed Fraction (10) 


R22-R15 


R14-R7 


000 


0.0 


0.9999999999 (see text) 


FF 


FF 


001 


0.0002441406 


0.9995118370 


FF 


E0 


002 


0.0004882812 


0.9990239150 


FF 


CO 


003 


0.0007324219 


0.9985362280 


FF 


A0 


004 


0.0009765625 


0.9980487790 


FF 


80 


005 


0.0012207031 


0.9975615710 


FF 


60 


006 


0.0014648438 


0.9970745970 


FF 


40 


007 


0.0017089844 


0.9965878630 


FF 


20 


008 


0.0019531250 


0.9961013650 


FF 


00 


009 


0.0021972656 


0.9956151030 


FE 


E1 


00A 


0.0024414063 


0.9951290800 


FE 


CO 


00B 


0.0026855469 


0.9946432920 


FE 


A1 


00c 


0.0029296875 


0.9941577400 


FE 


81 


FF6 


0.9975585938 


0.0012221950 


00 


50 


FF7 


0.9978027344 


0.0010998410 


00 


48 


FF8 


0.9980486750 


0.0009775170 


00 


40 


FF9 


0.9982910156 


0.0008552230 


00 


38 


FFA 


0.9985351563 


0.0007329590 


00 


30 


FFB 


0.9987792969 


0.0006107240 


00 


28 


FFC 


0.9990234375 


0.0004885200 


00 


20 


FFD 


0.9992675781 


0.0003663450 


00 


18 


FFE 


0.9995117188 


0.0002442000 


00 


10 


FFF 


0.9997558594 


0.0001220850 


00 


08 



Figure c2. The Hardware Lookup-Up Table 
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With the hardware look-up table in place, the reciprocal of value B 
can be calculated with the following series of operations: 

1 .) Place B on both the R and S buses. The 2 : 1 multiplexer at 
the output of the hardware look-up table should select the 
output of the look-up table, (see Figure c3-a) 

2.) Load the seed value xq into register R and load B into register 
S. Select the R TIMES S operation, (see Figure c3-b) 

3.) Load product B«x into register F. Select the 2 MINUS S 
operation, and select register F as the input to the ALU S port, 
(see Figure c3-c) 



Load 2 - B«x into register F. Select the R TIMES S operation 
and select register F as the input to the ALU S port, (see 
Figure c3-d) 

Load the value x-| (=xo(2-B«xn)) into registers R and F. 
Select the R TIMES S operation, (see Figure c3-e) 
Repeat steps 3 through 5 until the result has the accuracy 
desired. 



Figure c3-a. Data Flow for Step 1 of the Reciprocal Procedure 
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Figure c3-b. Data Flow for Step 2 of the Reciprocal Procedure 
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Figure c3-c. Data Flow for Step 3 of the Reciprocal Procedure 



buss ■ 
busr ■ 



BUSF- 



SEED 

LOOK-UP 

TABLE 



1 

2 :1 



1 



REGISTER S 
[B] 



?2l I 



ffl 



PORT 
R 



PORT 
S 



REGISTER F 
[B'Xo] 



31 



Figure c3-d. Data Flow for Step 4 of the Reciprocal Procedure 
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Figure c3-e. Data Flow for Step 5 of the Reciprocal Procedure 



BUSS ■ 
BUSR 























SEED 

LOOK-UP 

TABLE 
























1 
2:1 


















r 








R 0~ R 31 


S -S 31 


























1 

2:1 




REGISTER S 
[B] 




















I 












1 
















REGISTER R 
[X, (= X (2-B • X )] 




I 1 

2:1 

1 












L_ 




1 

1 
































I I 

* t 














PORT PORT 
R S 

ALU 
PORTF 












' 


B-X, 
















REGISTER F 
[X 1 (=X (2-B'X )] 
















| Am29325 










F -F 31 





33 



A tabular description of the operations above is given in Table c3. 
The following examples, performed in IEEE format, illustrate the 
process. 

Example 1 : 

Find the reciprocal of 25.3. 

Solution: The IEEE floating-point representation for 25.3 is 
41CA6666-I6. The reciprocal process is begun by 
feeding this value to both the seed look-up table and 



port S. The look-up table produces the value 
.03952789io (3D21E800i6>. The reciprocal is 
evaluated using the procedure described above; reg- 
ister values for each step are given in Table c4. The 
expected result, to the precision of the floating-point 
word, is .03952569io (3D21E5B1 16). In this case the 
expected result is produced after the first iteration. All 
subsequent iterations produce the same result, and 
are therefore unnecessary. 



TABLE c3. SEQUENCE OF EVENTS FOR EVALUATING RECIPROCALS 



Clock 
Cycle 


"0-12 


"3 


u 


ENR 


ENS 


ENF 


Register R 


Register S 


Register F 


1 


Y 


X 











X 


- 


- 


- 


2 


R TIMES S 





X 


1 







x o 


B 


- 


3 


2 MINUS S 


1 


X 


1 







x o 


B 


B*X 


4 


R TIMES S 


1 


1 










Xo 


B 


2-B.X 


5 


R TIMES S 





X 


1 







X,(= X (2-B.X )) 


B 


X 1 (=X (2-B.X )) 


6 


2 MINUS S 


1 


X 


1 







X 1 


B 


B^X, 


7 


R TIMES S 


1 


1 










X 1 


B 


2-B-X, 


8 


R TIMES S 





X 


1 







X 2 (= X 1 (2-B.X 1 » 


B 


X 2 (= X 1 (2-B-X 1 )) 



X = DON'T CARE 



First 
iteration 



Second 
iteration 



TABLE c4. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 1 



Clock 
Cycle 


R Input 


S Input 


Register R 


Register S 


Register F 


1 


3D21E800 
(.03952789) 


41CA6666i 6 
(25.3) 


- 


- 


- 


2 


- 


- 


3D21E800 16 
(.03952789) 


41CA6666 16 
(25.3) 


- 


3 


- 


- 


3D21E800, 6 
(.03952789) 


41CA6666i6 
(25.3) 


3F8001D3 16 
(1.0000556) 


4 


- 


- 


3D21E800 16 
(.03952789) 


41CA6666i 6 
(25.3) 


3F7FFC5A 16 
(.99984419) 


5 


- 


- 


3D21E5B1 16 
(.03952569) 


41CA666616 
(25.3) 


3D21E5B1i 6 
(.03952569) 


6 


- 


- 


3D21E5B1 16 
(.03952569) 


41CA6666 16 
(25.3) 


3F7FFFFFi 6 
(.99999994) 


7 


- 


- 


3D21E5B1i 6 
(.03952569) 


41CA6666 16 
(25.3) 


3F800000 16 
(1.0) 


8 


- 


- 


3D21E5B1 16 
(.03952569) 


41CA6666i 6 
(25.3) 


3D21E5B1 16 
(.03952569) 



- Result of first 
iteration 



- Result of second 
iteration 
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Example 2: 

Find the reciprocal of - .4725. 

Solution: The IEEE floating-point representation for -.4725 is 
BEF1EB85-I6- The reciprocal process is begun by 
feeding this value to both the seed look-up table and 
port S. The look-up table produces the value 
-2.11621094 10 (C0077000i 6 ). The reciprocal is 



evaluated using the procedure described above; reg- 
ister values for each step are given in Table c5. The 
expected result, to the precision of the floating-point 
word, is -2.116402 10 (C0077322i6>. In this case the 
expected result is produced after the first iteration. All 
subsequent iterations produce the same result, and 
are therefore unnecessary. 



TABLE C5. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 2 



Clock 
Cycle 


R Input 


S Input 


Register R 


Register S 


Register F 


1 


C0077000, 6 
(-2.1162109) 


BEF1EB85, 6 
(-0.4725) 


- 


- 


- 


2 


- 


- 


C0077000 16 
(-2.1162109) 


BEF1EB85 16 
(-0.4725) 


- 


3 


- 


- 


C0077000 16 
(-2.1162109) 


BEF1EB85 16 
(-0.4725) 


3F7FFA14 16 
(0.99990963) 


4 


- 


- 


C0077000 16 
(-2.1162109) 


BEF1EB85 16 
(-0.4725) 


3F8002F6 16 
(1 .0000904) 


5 


- 


- 


C0077322 16 
(-2.116402) 


BEF1EB85 16 
(-0.4725) 


C0077322 16 
(-2.116402) 


6 


- 


- 


C0077322 16 
(-2.116402) 


BEF1EB85 16 
(-0.4725) 


3F800000 16 
(1.0) 


7 


- 


- 


C0077322 16 
(-2.116402) 


BEF1EB85 16 
(-0.4725) 


3F800000 16 
(1.0) 


8 


- 


- 


C0077322 16 
(-2.116402) 


BEF1EB85 16 
(-0.4725) 


C0077322 16 
(-2.116402) 



-Result of first 
iteration 



-Result of second 
iteration 
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APPENDIX D: 

Summary of Flag Operation 

Tables d1, d2, and d3 summarize flag operation for the IEEE 
mode, the DEC mode, and for the IEEE-TO-DEC and DEC-TO- 
IEEE operations. 



TABLE d1. FLAG SUMMARY FOR IEEE MODE 



Operation 


Condition(s) 


INV 


OVF 


UNF 


INE 


ZER 


NAN 


Any operation 




H 


L 


L 


L 


L 


H 


listed in the 
















IEEE Invalid 
















Operations Table 
















R PLUS S 


Input operands are finite, 


L 


H 


L 


H 


L 


L 


R MINUS S 


| rounded result | ss 2 128 














R TIMES S 
















2 MINUS S 
















R PLUS S 
















R MINUS S 


< |rounded result| < 2-126 


L 


L 


H 


H 


H 


L 


R TIMES S 
















R PLUS S 


Final result does not equal 


L 






H 




L 


R MINUS S 


infinitely precise result 














R TIMES S 
















2 MINUS S 
















INT-TO-FP 
















FP-TO-INT 
















R PLUS S 


Final result is zero 


L 


L 






H 


L 


R MINUS S 
















R TIMES S 
















2 MINUS S 
















INT-TO-FP 
















FP-TO-INT 
















R PLUS S 


Final result is a NAN 




L 


L 


L 


L 


H 


R MINUS S 
















R TIMES S 
















2 MINUS S 
















FP-TO-INT 

















Notes: INV 
OVF 

UNF 

INE 

ZER 

NAN 

L 

H 



Invalid operation flag 
Overflow flag 
Underflow flag 
Inexact flag 
Zero flag 
NAN flag 
LOW 
HIGH 

State of flag 
depends on the 
input operands 
and the operation 
performed 
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Operation 



TABLE d2. FLAG SUMMARY FOR DEC MODE 
Condition(s) INV OVF UNF INE ZER NAN 



FP-TO-INT 


Rounded result > 2 31 -1 
or rounded result < -2 31 


H 


L 


L 


L 


L 


H 


FP-TO-INT 


Input is a DEC reserved 

operand 


H 


L 


L 


L 


L 


H 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 


| Rounded result | s 2 127 


L 


H 


L 


H 


L 


H 


R PLUS S 
R MINUS S 
R TIMES S 


< | rounded result| < 2~ 128 


L 


L 


H 


H 


H 


L 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 


Final result does not equal 
infinitely precise result 


L 






H 






R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
INT-TO-FP 
FP-TO-INT 


Final result is zero 


L 


L 






H 


L 


R PLUS S 
R MINUS S 
R TIMES S 
2 MINUS S 
FP-TO-INT 


Final result is a DEC 
reserved operand 






L 


L 


L 


H 



Notes: INV = Invalid operation flag 

OVF = Overflow flag 

UNF = Underflow flag 

INE = Inexact flag 

ZER = Zero flag 

NAN = NAN flag 

L = LOW 



HIGH 

State of flag 
depends on the 
input operands 
and the operation 
performed 



TABLE d3. FLAG SUMMARY FOR IEEE-TO-DEC AND DEC-TO-IEEE CONVERSIONS 
Operation Condition(s) INV OVF UNF INE ZER NAN 



IEEE-TO-DEC 


Input is a NAN 


H 


L 


L 


L 


L 


H 


IEEE-TO-DEC 


Input] 3=2127 


L 


H 


L 


H 


L 


H 


DEC-TO-IEEE 


Input is a DEC reserved operand 


H 


L 


L 


L 


L 


H 


DEC-TO-IEEE 


< | rounded result | < 2-126 


L 


L 


H 


H 


H 


L 


DEC-TO-IEEE 
IEEE-TO-DEC 


Final result is 


L 


L 






H 


L 



Notes: 



INV 

OVF 

UNF 

INE 

ZER 

NAN 

L 



Invalid operation flag 
Overflow flag 
Underflow flag 
Inexact flag 
Zero flag 
NAN flag 
LOW 



= HIGH 

= State of flag 
depends on the 
input operands 
and the operation 
performed 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature -65 to +150°C 

Temperature Under Bias - Tc -55 to +125°C 

Supply Voltage to Ground Potential 

Continuous -0.5 to +7.0V 

DC Voltage Applied to Outputs 

for High State -0.5V to +V CC Max 

DC Input Voltage -0.5 to +5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 to +5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM RATINGS 
may cause permanent device failure. Functionality at or above these 
limits is not implied. Exposure to absolute maximum ratings for ex- 
tended periods may affect device reliability. 



OPERATING RANGES 

Commercial (C) Devices 

Temperature (T A ) to +70°C 

Supply Voltage +4.75 to +5.25V 

Military (M) Devices 

Temperature (Tc) -55 to +125°C 

Supply Voltage +4.5 to +5.5V 

Operating ranges define those limits over which the functionality of the 

device is guaranteed. 



DC CHARACTERSITICS OVER OPERATING RANGE unless otherwise specified 

Test Conditions Typ 

Parameter Description (Note 1) Min (Note 2) 



Max 



Units 



VOH 


Output HIGH Voltage 


Vcc = M' n 
Vin = Vil or V| H 
Ioh = -0.4mA 


2.4 


2.7 




Volts 


Vol 


Output LOW Voltage 


Vcc = Min 
Vin = V|L or V| H 
Iol = 4.0mA 




0.3 


0.5 


Volts 


V|H 


Input HIGH Level 


Guaranteed Input Logical 
HIGH Voltage for All Inputs 


2.0 






Volts 


V|L 


Input LOW Level 


Guaranteed Input Logical 
LOW Voltage for All Inputs 






0.8 


Volts 


V| 


Input Clamp Voltage 


Vcc = Min 
l|N = -18mA 






-1.5 


Volts 


l|L 


Input LOW Current 


Vcc = Max 
V| N = 0.4V 






-0.4 


mA 


l|H 


Input HIGH Current 


vfcc = Max 
V, N = 2.4V 






75 


p.A 


h 


Input HIGH Current 


Vcc = Max 
V| N = 5.5V 






1 


mA 


tozH 

l0ZL 


F0-F31 Off State (High 
Impedance) Output Current 


V C c - Max 


V = 2.4V 






25 


fiA 


V = ,4V 






-25 


'sc 


Output Short Circuit Current 
(Note 3) 


Vcc = Max 
V = OV 


F -F 31 Outputs 


-3 




-30 


mA 


Flag Outputs 


-3 




-30 


ice 


Power Supply Current (Note 4) 


Vcc = Max 


COM'L, MIL T A = +25°C 








mA 


COM'L Only 


T A = to +70°C 








T A = +70°C 










T A = -55 to + 125°C 










T A = + 125°C 


| 





Notes: 1 . For conditions shown as Min or Max, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical values are for Vcc = +25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with OE LOW, and with all output bits (F0-F31 and flag outputs) LOW. 
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SWITCHING CHARACTERISTICS 


COM'L (Note 2) 


MIL 




OVER UrbHAIIIMCj KANub 

Test 


T A = 25°C 
V CC = 5.0V 


T A = to +70°C 

V C c = +5V ±5% 


T c = -55 to 125°C 

V C C = +5V ±10% 




Parameters Description Conditions 


Typ 


Min 


Max 


Min 


Max 


Units 


'asc 


Clocked Add, Subtract Time (R PLUS S, 
R MINUS S, 2 MINUS S) 












ns 




*MC 


Clocked Multiply Time (R TIMES S) 










ns 




•cc 


Clocked Conversion Time (INT-TO-FP, 
FP-TO-INT, IEEE-TO-DEC, DEC-TO-IEEE) 










ns 




'asuc 


Unclocked Add, Subtract Time (R, S to F, 
Flags) for R PLUS S, R MINUS S, 
and 2 MINUS S Instructions 


FT = HIGH 
FT, = HIGH 










ns 




'muc 


Unclocked Multiply Time (R, S to F, Flags) 
for R TIMES S Instruction 










ns 




•cue 


Unclocked Conversion Time (R, S to F, 
Flags) for INT-TO-FP, FP-TO-INT, IEEE- 
TO-DEC and DEC-TO-IEEE Instructions 










ns 




tpWH 


Clock Pulse Width HIGH 












ns 




•PWL 


Clock Pulse Width LOW 










ns 




*PD0F1 


Clock to F0-F31 and Flag Outputs 


FT = LOW 
FT! = HIGH 










ns 




tpD0F2 


FT, = LOW 










ns 




( PZL 


OE Enable Time 


Z to LOW 












ns 




*PZH 


Z to HIGH 










ns 




*PLZ 


OE Disable Time 


LOW to Z 












ns 




'PHZ 


HIGH to Z 










ns 




*PZL16 


Clockf to Fq-F 15 Enable, 
16-Bit I/O Mode 


Z to LOW 


S16/32 = HIGH 
ONEBUS = LOW 










ns 




l PZH16 


Z to HIGH 










ns 




'PLZ16 


Clocki to F0-F15 Disable, 
16-Bit I/O Mode 


LOW to Z 


S16/32 = HIGH 
ONEBUS = LOW 










ns 




>PHZ16 


HIGH to Z 










ns 




'PZL16 


Clock! to F 16 -F3i Enable, 
16- Bit I/O Mode 


Z to LOW 










ns 




•PZH16 


Z to HIGH 










ns 




tPLZ16 


Clockj to F-16-F31 Disable, 
16-Bit I/O Mode 


LOW to Z 










ns 




•PHZ16 


HIGH to Z 










ns 




<SCE 


Register Clock Enable Setup Time 


FT = LOW 
FT, = LOW 










ns 




'hce 


Register Clock Enable Hold Time 


FT = LOW 
FT, = LOW 










ns 




*SD1 


R _R 31. S 0~ S 31 Setup Time (Note 1) 


FT = LOW 










ns 




'HD1 


R0-R31. Sn-S 31 Hold Time (Note 1) 










ns 




'SD2 


R0-R31, S -S 3 i Setup Time (Note 1) 


FT = HIGH 
FT, = LOW 










ns 




*HD2 


R0-R31, S -S 31 Hold Time (Note 1) 










ns 




f SI02 


l -l 2 Instruction Select Setup Time 


FT for Destination 
Register = LOW 










ns 




'HI02 


I0-I2 Instruction Select Hold Time 










ns 




tpDI02 


l — 12 Instruction Select to F0-F31, Flags 


FT, = HIGH 










ns 




tsi3 


I3 Port S Input Select Setup Time 


FT, = LOW 










ns 




*HI3 


I3 Port S Input Select Hold Time 










ns 




>SI4 


I4 Register R Input Select Setup Time (Note 1 ) 


FT = LOW 










ns 




<HI4 


I4 Register R Input Select Hold Time (Note 1) 










ns 




'SRM 


Round Mode Select Setup Time 


FT for Destination 
Register = LOW 










ns 




•hrm 


Round Mode Select Hold Time 










ns 




jtpRF 


Round Mode Select to F -F 31 , Flags 


FT, = HIGH 










ns 





Notes: 1. 
2. 



See timing diagram for desired mode of operation 
At air velocity of linear feet per minute. 



to determine clock edge to which these setup and hold times apply. 
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CLOCKED OPERATION: FT = LOW 
FTi = LOW 



ENR, 
ENS, 
ENF 



RND -RND, 



f— l SCE- 
'/ 



*- , PDOF2* 



■•"•SDI " 



X 



X 



X 



X 



X 



X 



-tp WL - 



-*SRM- 



X 



X 



X 



X 



X 



CLOCKED OPERATION: FT = HIGH 
FTt = LOW 



F _F 3t- 
FLAGS 



R 0~ R 3V 
S -S 31 



RNDq-RND, 



-t HCE™ 



X 



X 



X 



X 
X 



-tpvvL- 



-'502- 



X 



X 

— -- <l 

X 

— - 'l 

X 



X 



-'hrm 
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CLOCKED OPERATION: FT = LOW 
F^ = HIGH 

















PVVL 




p"- l SCE — 


— -'hce-*- 








«■ 


»«««« 


X 












RDori 




^MX vaud 


mmxmm - 


X 


J— •SDI ""- 


— 'hdi-*i 






«:«_ 


kffifflMMfflX 


x» 
















io-i 2 


X 




X 




— l S14-"- 


^ ,Hu i 






'^XZ 


_j 




X 












i prf 




RNDq-RND, 


X 


X 

















FLOW-THROUGH OPERATION (FT = HIGH, F^ = HIGH) 



R 0~ R 31< 

s -s 31 



RNDq-RND, 




'asuc 
- 'muc - 

'cue 



32-BIT, SINGLE-INPUT-BUS MODE 



INPUT DATA 
BUS 



- l SD1 _ 



t 



41 



16-BIT, TWO-INPUT-BUS MODE 











^<HD, 






-'hDI 




, 


/ 


„ 


/ 
















•Jss ffiffiffl( — )»( --• 3 


( 

' 'HI 4 


l SI4 — 


r- H 
( ) 




fo^i) WW>WAW 


few 




'PZL16, 

*PZH16 






1 


'PHZ16 


F0-F15 } 


f VALID 


X » X 




! PLZ16, 
'pHZ16 




*PZL16, 




tpZHtt 


F16-F31 5 


( 


HI- 


1 


X 




X 



Note 1 . I4 has special setup and hold time requirements in this mode. All other control signals have timing requirements as shown in the diagram 
"Clocked operation, FT = LOW, FT1 = LOW." 



OUTPUT ENABLE/DISABLE TIMING 



F -F 31 (HIGH LEVEL) 



\ 



HIGH IMPEDANCE 






•V H 
- 1.5V 

-Vol 
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PACKAGE INFORMATION 



PACKAGE PHOTOGRAPHS 



.jSfflSSBSS***^,-- - " • •-■? &■&£&& 





Top View 



Lateral View 



■J^RwTI 



9StKs:Xt^:mMUssSsrS 






^#"~ 

N 



llilllsllMi 



- : ; *f ■ '■ 1«f ■■>■ sts 

{: |4*1 







Bottom View 



Isometric View 
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Am29325 PINOUT 



SORTED BY PIN 



SORTED BY FUNCTION 



Llne# 


Pkg 
Pin 


Function 


1 


A1 


Inexact 


2 


A2 


Invalid 


3 
4 
5 
6 

7 

8 

9 

10 


A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 


F 29 
F 30 
F 23 
F 26 
F 21 
F 22 
F 17 
F 18 


11 


A11 


F 13 


12 


A12 


F 12 


13 


A13 


F 7 


14 


A14 


F 8 


15 


A15 


F 5 


16 


B1 


! 2 


17 


B2 


NAN 


18 


B3 


Zero 


19 


B4 


F 31 


20 


B5 


Overflow 


21 
22 
23 
24 
25 


B6 
B7 
B8 
B9 
B10 


F 27 
F 24 
F 19 
F 20 
F 15 


26 


B11 


F 14 


27 


B12 


F 9 


28 


B13 


F 6 


29 


B14 


F 3 


30 


B15 


F 4 


31 


C1 


"1 


32 


C2 


"(J 


33 


C3 


GND, TTL 


34 


C4 


GND, TTL 


35 


C5 


FL 1 Underflow 


36 
37 
38 


C6 
C7 
C8 


F 28 
F 25 
V CC . TTL 


39 


C9 


V CC . TTL 


40 


C10 


F 16 


41 


C11 


F 11 


42 


C12 


F 10 


43 


C13 


GND, TTL 


44 


C14 


F 2 


45 


C15 


F 1 


46 
47 
48 


D1 
D2 
D3 


ENF 

IEEE/DEC 

ENR 


49 


D13 


GND, TTL 


50 


D14 


GND, TTL 


51 


D15 


GND, TTL 


52 


E1 


U 


53 


E2 


FT n 


54 


E3 


ENS 


55 


E13 


GND, TTL 


56 
57 


E14 
E15 


F 

PROJ/AFF 


58 


F1 


ONEBUS 


59 


F2 


FTl 


60 


F3 


S16/32 



Function 


Pkg Pin 


CLK 


J1 


ENF 


D1 


ENR 


D3 


ENS 


E3 


F 


E14 


F 1 


C15 


F 2 


C14 


F 3 


B14 


F 4 


B15 


F 5 


A15 


F 6 


B13 


F 7 


A13 


F 8 


A14 


F 9 


B12 


F 10 


C12 


F 11 


C11 


F 12 


A12 


F 13 


A11 


F 14 


B11 


F 15 


B10 


F 16 


C10 


F 17 


A9 


F 18 


A10 


F 19 


B8 


F 20 


B9 


F 21 


A7 


F 22 


A8 


F 23 


A5 


F 24 


B7 


F 25 


C7 


F 26 


A6 


F 27 


B6 


F 28 


C6 


F 29 


A3 


F 30 


A4 


F 31 


B4 


PTfj 


E2 


F^ 


F2 


GND, ECL 


N3 


GND, ECL 


H14 


GND, ECL 


G13 


GND, ECL 


M3 


GND, ECL 


H13 


GND, ECL 


J13 


GND, TTL 


D15 


GND, TTL 


D14 


GND, TTL 


E13 


GND, TTL 


F13 


GND, TTL 


C4 


GND, TTL 


C3 


GND, TTL 


D13 


GND, TTL 


C13 


In 


C2 


"1 


C1 


l2 


B1 


"3 


P9 


U 


E1 


IEEE/DEC 


D2 


Inexact 


A1 


Invalid 


A2 
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Am29325 PINOUT (Cont) 






SORTED BY PIN 




SORTED BY FUNCTION 








Pkg 














Line# 


Pin 


Function 




Function 


Pkg Pin 




61 


F13 


GND, TTL 


NAN 


B2 




62 


F14 


Si 




OE 


G1 






63 


F15 


So 




ONEBUS 


F1 






64 


G1 


OE 




Overflow 


B5 






65 


G2 


Vcc. ECL 




PROJ/AFF 


E15 






66 


G3 


V C c, ECL 




Ro 


N9 






67 


G13 


GND, ECL 




R1 


R8 






68 


G14 


S 2 




R 2 


R9 






69 


G15 


S3 




R3 


N8 






70 


H1 


Vcc, ECL 




R 4 


P8 






71 


H2 


Vcc. ECL 




R 5 


P7 






72 


H3 


Vcc, ECL 




R 6 


R7 






73 


H13 


GND, ECL 




R7 


R6 






74 


H14 


GND, ECL 




Re 


N7 






75 


H15 


s 5 




R9 


N6 






76 


J1 


CLK 




R10 


P6 






77 


J2 


RND 




R11 


P5 






78 


J3 


V CC , ECL 




R12 


R5 






79 


J13 


GND, ECL 




R13 


R4 






80 


J14 


S 4 




R14 


R5 






81 


J15 


s 7 




R15 


N4 






82 


K1 


R31 




R16 


P4 






83 


K2 


RND! 




R17 


R2 






84 


K3 


R29 




R18 


R3 






85 


K13 


s 8 




R19 


P3 






86 


K14 


S 9 




R20 


R1 






87 


K15 


s 6 




R21 


P1 






88 


L1 


R30 




R22 


P2 






89 


L2 


R 27 




R23 


N2 






90 


L3 


R26 




R24 


N1 






91 


L13 


S13 




R25 


M1 






92 


L14 


S 10 




R26 


L3 






93 


L15 


S11 




R 27 


L2 






94 


M1 


R25 




R28 


M2 






95 


M2 


R28 




R29 


K3 






96 


M3 


GND, ECL 




R30 


L1 






97 


M13 


S14 




R31 


K1 






98 


M14 


S15 




RND 


J2 






99 


M15 


S 12 




RND-i 


K2 






100 


N1 


R 24 




So 


F15 






101 


N2 


R23 




Si 


F14 






102 


N3 


GND, ECL 




S 2 


G14 






103 


N4 


R15 




S3 


G15 






104 


N5 


R14 




S 4 


J14 






105 


N6 


R 9 




s 5 


H15 






106 


N7 


Rs 




s 6 


K15 






107 


N8 


R3 




S7 


J15 






108 


N9 


Ro 




s 8 


K13 






109 


N10 


S28 




S9 


K14 






110 


N11 


S 27 




S 10 


L14 






111 


N12 


Vcc, ECL 




S11 


L15 






112 


N13 


V C C, ECL 




S12 


M15 






113 


N14 


S18 




S13 


L13 






114 


N15 


S17 




S14 


M13 






115 


P1 


R21 




S15 


M14 






116 


P2 


R22 




S16 


P15 






117 


P3 


R19 




S16/32 


F3 






118 


P4 


R16 




S17 


N15 






119 


P5 


R11 




s 18 


N14 






120 


P6 


R10 




S19 


R15 
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Am29325 PINOUT (Cont) 



SORTED BY PIN 



SORTED BY FUNCTION 





Pkg 




Line* 


Pin 


Function 


121 


P7 


R 5 


122 


P8 


R4 


123 


P9 


"3 


124 


P10 


S31 


125 


P11 


S26 


126 


P12 


S25 


127 


P13 


S22 


128 


P14 


S 21 


129 


P15 


S16 


130 


R1 


R20 


131 


R2 


R17 


132 


R3 


R18 


133 


R4 


R13 


134 


R5 


R12 


135 


R6 


R7 


136 


R7 


Re 


137 


R8 


R1 


138 


R9 


R 2 


139 


R10 


s 30 


140 


R11 


S29 


141 


R12 


s 24 


142 


R13 


S23 


143 


R14 


S20 


144 


R15 


S19 



Function 


Pkg Pin 


S20 


R14 


S 21 


P14 


S22 


P13 


S 23 


R13 


S24 


R12 


S25 


P12 


S26 


P11 


S27 


N11 


S28 


N10 


S29 


R11 


S30 


R10 


S31 


P10 


Underflow 


C5 


V CC . ECL 


J3 


Vcc. ECL 


G2 


Vcc. ECL 


G3 


Vcc. ECL 


H2 


Vcc. ECL 


N13 


Vcc. ECL 


N12 


Vcc. ECL 


H3 


V C C. ECL 


H1 


V C c. TTL 


C8 


Vcc. TTL 


C9 


Zero 


B3 



POWER SUPPLY WIRING CONSIDERATIONS 



Am29325 
PACKAGE 




Notes: 1 . All power supply pins must be connected. 

2. ECL GND and TTL GND should not be connected directly into the main system ground plane. Using signal plane traces as short and wide as 
possible, ECL GND pins should be connected together, as should TTL GND pins, but without interconnection. These separate ground buses 
should be connected together and to the system ground plane at adecoupling capacitor close to the package. ECL Vcc and TTL Vcc should be 
treated similarly. See diagram above. 
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SUGGESTED PRINTED CIRCUIT BOARD LAYOUT 
Bottom View 
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THERMAL CHARACTERISTICS 



AIR VELOCITY 

LINEAR FEET PER MINUTE 
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PHYSICAL DIMENSIONS 
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The International Standard of Quality 

guarantees the AQL on all electrical parameters, 

AC and DC, over the entire operating range. 
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World-Wide 

Sales 

Offices 



Representatives 

and 

Stocking Distributors 



Advanced 

Micro 

Devices 



3 



^dvanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. Consult the listings on the following four pages for an address nearest you. 



U.S. AND CANADIAN SALES OFFICES 



NORTHEAST AREA 

Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617)273-3970 

Advanced Micro Devices 
(Canada) Ltd. 

2 Sheppard Avenue East 
Suite 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416)224-5193 

Advanced Micro Devices 

(Canada) Ltd. 

AMD 

4019 Carling# 301 

Kanata, Ottawa 

Canada K2K2A3 

Advanced Micro Devices 

290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315)457-5400 

MID-ATLANTIC AREA 

Advanced Micro Devices 

40 Crossways Park Way 
Woodbury. New York 1 1 797 
Tel: (516)364-8020 

Advanced Micro Devices 
Waterview Plaza, Suite 303 
2001 U.S. Route #46 
Parsippany, New Jersey 07054 
Tel: (201)299-0002 

Advanced Micro Devices 

HOGibralter Road #110 
Horsham, Pennsylvania 19044 
Tel: (215)441-8210 
TWX: 510-665-7572 

Advanced Micro Devices 

Commerce Plaza 

5100 Tilghman Street, Suite 320 

Allentown, Pennsylvania 18104 

Tel: (215)398-8006 

FAX: 215-398-8090 



Advanced Micro Devices 

205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914)471-8180 
TWX: 510-248-4219 

Advanced Micro Devices 

10 Main Street South 
Southbury, Connecticut 06488 
Tel: (203) 264-7800 

Advanced Micro Devices 

7223 Parkway Drive #203 
Dorsey, Maryland 21076 
Tel: (301)796-9310 
FAX: 796-2040 

SOUTHEAST AREA 

Advanced Micro Devices 

4740 North State Road #7 
Suite 102 

Ft. Lauderdale, Florida 3331 9 
Tel: (305)484-8600 

Advanced Micro Devices 

7850 Uimerton Road, Suite 1A 
Largo, Florida 33541 
Tel: (813)535-9811 

Advanced Micro Devices 

15 Technology Parkway #200 
Norcross, Georgia 30092 
Tel: (404)449-7920 

Advanced Micro Devices 

8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704)525-1875 

Advanced Micro Devices 

303 Williams Avenue Southwest 
Suite 118 

Huntsville, Alabama 35801 
Tel: (205)536-5505 

Advanced Micro Devices 

6501 Six Forks, Suite 150 
Raleigh, North Carolina 27609 
Tel: (919)847-8471 



MID-AMERICA AREA 

Advanced Micro Devices 

500 Park Boulevard, Suite 940 
Itasca. Illinois 60143 
Tel: (312)773-4422 

Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612)938-0001 

Advanced Micro Devices 

3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614)891-6455 

Advanced Micro Devices 

16985 West Blue Mound Road, Suite 201 
Brookfield, Wisconsin 53005 
Tel: (414)782-7748 
FAX: (414)782-8041 

NORTHWEST AREA 

Advanced Micro Devices 

1245 Oakmead Parkway 
Suite 2900 

Sunnyvale, California 94086 
Tel: (408)720-8811 

Advanced Micro Devices 

One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 
Tel: (503)245-0080 

Advanced Micro Devices 

Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206)455-3600 

MID-CALIF AREA 

Advanced Micro Devices 

360 N. Sepulveda, Suite 2075 
El Segundo, California 90245 
Tel: (213)640-3210 



Advanced Micro Devices 
21600 Oxnard Street, Suite 675 
Woodland Hills, California 91367 
Tel: (213)992-4155 

SOUTHERN CALIF AREA 

Advanced Micro Devices 

4000 MacArthur Boulevard 
Suite 5000 

Newport Beach, California 92660 
Tel: (714)752-6262 

Advanced Micro Devices 

9619 Chesapeake Drive #210 
San Diego, California 92123 
Tel: (619)560-7030 

MOUNTAIN WEST AREA 

Advanced Micro Devices 

14755 Preston Road, Suite 700 
Dallas, Texas 75240 
Tel: (214) 934-9099 

Advanced Micro Devices 

8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512)346-7830 

Advanced Micro Devices 

1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel: (303)691-5100 

Advanced Micro Devices 

40 W. Baseline Road # 206 
Tempe, Arizona 85283 
Tel: (602)242-4400 

Advanced Micro Devices 

1955 W. Grant Road # 125 
Tucson, Arizona 85745 
Tel: (602)792-1200 



INTERNATIONAL SALES OFFICES 



BELGIUM 

Advanced Micro Devices 

Belgium S.A. - N.V. 

Avenue de Tervueren, 412, bte 9 

B-1150 Bruxelles 

Tel: (02) 771 99 93 

TELEX: 61028 

FAX: 7623712 

FRANCE 

Advanced Micro Devices, S.A. 

Silic 314, Immeuble Helsinki 

74, rue d'Arcueil 

F-94588 Rungis Cedex 

Tel: (01)687.36.66 

TELEX: 202053 

FAX: 686.21.85 



GERMANY 

Advanced Micro Devices GmbH 

Rosenheimer Strasse 143B 
8000 Munchen 80, 
West Germany 
Tel: 49 89 41140 
TELEX: 05-23883 
FAX: 406 490 

Advanced Micro Devices GmbH 

Feuerseeplalz 4/5 
D-7000 Stuttgart 1 
Tel: (0711)623377 
TELEX: 07-21882 
FAX: 625187 

Advanced Micro Devices GmbH 

Zur Worth 6 
D-3108Winsen/Aller 
Tel: (05143)53 62 
TELEX: 925287 
FAX: 5553 



HONG KONG 
Advanced Micro Devices 

Room 1602 World Finance Centre 

South Tower 

Harbour City 

17 Canton Road 

Tsimshatsui, Kowloon 

Tel: (852) 3 695377 

TELEX: 50426 

FAX: (852) 123 4276 

ITALY 

Advanced Micro Devices S.r.L. 

Centra Direzionale 
Via Novara, 570 
1-20153 Milano 
Tel: (02) 3533241 
TELEX: 315286 
FAX: (39) 349 8000 

JAPAN 

Advanced Micro Devices, K.K. 

Dai 3 Hoya Building 
8-17, Kamitakaido 1 chome 
Suginami-ku, Tokyo 168 
Tel: (03)329-2751 
TELEX: 2324064 
FAX: (03)326 0262 



SWEDEN 

Advanced Micro Devices AB 

Box 7013 

Rissneleden 144, 5tr 
S-172 07 Sundbyberg 
Tel: (08) 7330350 
TELEX: 11602 
FAX: 7332285 

UNITED KINGDOM 

Advanced Micro Devices (U.K.) Ltd. 

A.M.D. House, 

Goldsworth Road, 

Woking, 

Surrey GU21 1JT 

Tel: Woking (04862) 22121 

TELEX: 859103 

FAX: 22179 

Advanced Micro Devices (U.K.) Ltd. 

The Genesis Centre 

Garrett Field 

Science Park South 

Birchwood 

Warrington WA3 7BH 

Tel: Warrington (0925) 828008 

TELEX: 628524 

FAX: 827693 



U.S. AND CANADIAN SALES REPRESENTATIVES 



CALIFORNIA (Northern) 
I 2 Incorporated 

3350 Scott Boulevard 
Suite 1001, Bldg. 10 
Santa Clara, California 95050 
Tel: (408)988-3400 
TWX: 910-338-0192 

CANADA (Eastern) 

Vitel Electronics 

3300 Cote Vertu, Suite 203 

St. Laurent, Quebec, 

Canada H4R 2B7 

Tel: (514)331-7393 

TWX: 610-421-3124 

TELEX: 05-821762 

Vitel Electronics 

5945 Airport Road, Suite 180 

Mississauga, Ontario 

Canada L4V1R9 

Tel: (416)676-9720 

TWX: 610-492-2528 

Vitel Electronics 

4019 Carling #301 

Kanata, Ottawa 

Canada K2K2A3 

Tel: (613)836-1776 



CONNECTICUT 
Scientific Components 
11 85 South Wain Street 
Cheshire, Connecticut 06410 
Tel: (203)272-2963 
TWX: 710-455-2078 

IDAHO 

Intermountain Technology 
1106 N.Cole Road #C 
Boise, Idaho 83704 

Tel: (208)888-5708 

INDIANA 

S.A.I. Marketing Corp. 
2441 Production Drive 

Indianapolis, Indiana 46241 
Tel: (317)241-9276 
TWX: 810-341-3309 

IOWA 

Lorenz Sales, Inc. 

5270 N.Park Place, N.E. 

Cedar Rapids, Iowa 52402 

Tel: (319)377-4666 

KANSAS 

Kebco Inc., c/o Doug Phillips 
524 Deveron Drive 
Wichita, Kansas 67230 
Tel: (316)733-2117 
(316)733-1301 



Kebco Inc. 

10111 Santa Fe Avenue, Suite 13 
Overland Park, Kansas 66212 
Tel: (913)541-8431 

MICHIGAN 

S.A.I. Marketing Corp. 

P.O. Box 929 

9880 E. Grand River Road #109 

Brighton, Michigan 48116 

Tel: (313)227-1786 

TWX: 810-242-1518 

MISSOURI 

Kebco Inc. 

75 Worthington. Suite 101 
Maryland Heights, Missouri 63043 
Tel: (314)576-4111 

NEBRASKA 

Lorenz Sales, Inc. 
2809 Garfield 
Lincoln, Nebraska 68502 
Tel: (402)475-4660 

NEW JERSEY 
T.A.I. Corp. 

12 S. Black Horse Pike 
Bellmawr, New Jersey 08031 
Tel: (609)933-2600 
TWX: 710-639-1810 



NEW MEXICO 
Thorson Desert States 
9301 Indian School. Suite 112 
Albuquerque, New Mexico 87112 
Tel: (505)293-8555 
TWX: 910-989-1174 

NEW YORK 

Nycom, Inc. 

10Adler Drive 

East Syracuse, New York 13057 

Tel: (315)437-8343 

TWX: 710-541-1506 

OHIO 

Dolfuss-Root&Co. 
13477 Prospect Road 
Strongsville, Ohio 44136 

Tel: (216)238-0300 
TWX: 810-427-9148 

Dolf uss-Root & Co. 

683 Miamisburg-Centerville Road 

Suite 202 

Centerville, Ohio 45459 

Tel: (513)433-6776 



PENNSYLVANIA 

Dolfuss-Root&Co. 

United Industrial Park 

Suite 203A, Building A 

98 Vanadium Road 

Bridgeville, Pennsylvania 15017 

Tel: (412)221-4420 

TWX: 510-697-3233 

UTAH 

R2 

940 North 400 East 

North Salt Lake, Utah 84054 

Tel: (801)298-2631 

TWX: 910-925-5607 



U.S. AND CANADIAN STOCKING DISTRIBUTORS 



ALABAMA 

Hall-Mark Electronics 
4900 Bradford Boulevard 
Huntsville, Alabama 35807 
Tel: (205)837-8700 
TWX: 810-726-2187 
Hamilton/Avnet Electronics 
4812Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205)837-7210 
TWX: 810-726-2162 

Schweber Electronics 
2227 Drake Avenue S.W. 
Suite #14 

Huntville, Alabama 35805 
Tel: (205)882-2200 

ARIZONA 

Arrow Electronics 
2127 W. 5th Place 
Tempe, Arizona 85281 
Tel: (602) 968-4800 
Schweber Electronics 
11049 North 23rd Drive 
Phoenix, Arizona 85029 
Tel: (602) 997-4874 

Hamilton/Avnet Electronics 
505 South Madison Drive 
Tempe, Arizona 85281 
Tel: (602)231-5100 
TWX: 910-951-1535 

Kierulf f Electronics 
4134 East Wood Street 
Phoenix, Arizona 85040 
Tel: (602)243-4101 
TWX: 910-951-1550 

Wyle Labs/EMG 
81 55 North 24th Avenue 
Phoenix, Arizona B5021 
Tel: (602)249-2232 
TWX: 910-951-4282 

CALIFORNIA 

Arrow Electronics 
5961 Dow Avenue 
Tustin, California 92680 
Tel: (714) 838-5422 
TWX: 910-595-2861 
Arrow Electronics 
9511 Ridgehaven Court 
San Diego, California 92123 
Tel: (714)565-4800 
TWX: 910-335-1195 
Arrow Electronics 
19748 Dearborn Street 
Chatsworth, California 91311 
Tel: (213)701-7500 
TWX: 910-493-2086 
Arrow Electronics 
521 Weddell Drive 
Sunnyvale, California 94086 
Tel: (408)745-6600 
TWX: 910-339-9371 

Avnet Electronics 
350 McCormick Avenue 
Irvine Industrial Complex 
Costa Mesa, California 92626 
Tel: (714)754-6111 
(213) 558-2345 
TWX: 910-595-1928 

Avnet Electronics Co. #71 
20501 Plummer Street 

Chatsworth, California 91311 
Tel: (213) 700-2600 

Arrow Electronics 

1502 Crocker Avenue 
Hayward, California 94544 
Tel: (415) 487-4600 



Hamilton/Avnet Electronics 

3170 Pullman 

Costa Mesa. California 92626 

Tel: (714)641-4100 

TWX: 910-595-2638 

Hamilton/Avnet Electronics 
3002 East G Street 
Ontario. California 91764 
Tel: (714)989-9411 

Hamilton Electro Sales 
9650 Desoto Avenue 
Chatsworth, California 91311 
Tel: (818) 700-6500 

Hamilton/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento, California 95834 
Tel: (916)920-3150 

Hamilton/Avnet Electronics 
4545 View Ridge Road 
San Diego, California 92123 
Tel: (714)571-7500 
TWX: 910-335-1216 
Hamilton/Avnet Electronics 
1 175 Bordeaux 
Sunnyvale, California 94086 
Tel: (408)743-3300 
TWX: 910-339-9332 

Hamilton Electro Sales 
10950 West Washington Boulevard 
Culver City, California 90230 
Tel: (213)558-2121 
TWX: 910-340-6364 
910-340-7073 
TELEX: 66-43-29 
66-43-31 

Kierultf Electronics 
5650 Jillson 

Commerce, California 90040 
Tel: (213) 725-0325 

Kierultf Electronics 
21053 Devonshire #203 
Chatsworth, California 
Tel: (818)341-2211 

Kierulff Electronics 
10824 Hope Street 
Cypress, California 90630 

Kierulff Electronics 
1180 Murphy Road 
San Jose, CA 95131 
Tel: (408) 751-6262 

Kierulff Electronics 
8797 Balboa Avenue 
San Diego, California 92123 
Tel: (714)278-2112 
TWX: 910-335-1182 
Schweber Electron ics 
17811 Gillette 
Irvine, California 92714 
Tel: (213)537-4320 
(714)556-3880 
TWX: 910-595-1720 
Schweber Electronics 
3110 Patrick Henry Drive 
Santa Clara, California 95050 
Tel: (408)748-4700 
TWX: 910-338-2043 

Schweber Electronics 

21139 Victory Boulevard 

Canoga Park, California 91303 

Tel: (213)999-4702 

Wyle Labs/EMG 

124 Maryland Avenue 

El Segundo, California 90245 

Tel: (213)322-8100 

TWX: 910-348-7140 



Wyle Labs/EMG 

Orange County Division 

17872 Cowan 

Irvine, California 92714 

Tel: (714)641-1600 

TWX: 910-595-1572 

Wyle Labs/EMG 

11151 Sun Center Drive 

Rancho Cordova, California 95670 

Tel: (916) 638-5282 

Wyle Labs/EMG 

1 1 1 51 Sun Center Drive 

Rancho Cordova, California 95670 

Tel: (916)638-5282 

Wyle Labs/EMG 
9525 Chesapeake Drive 
San Diego, California 92123 
Tel: (714)565-9171 
TWX: 910-335-1590 

Wyle Labs/EMG 
3000 Bowers Avenue 
Santa Clara, California 95052 
Tel: (408)727-2500 
TWX: 910-338-0296 

CANADA 

Canadian General Electric 

189 Dufterin Street 

Toronto, Ontario, Canada M6K 1 Y9 

Tel: (416)537-4481 

TELEX: 06-232-38 

Future Electronics 

82 St. Regis Crescent North 

Downsview, Ontario 

Canada M3J 123 

Tel: (416)663-5563 

TWX: 610-491-1470 

Future Electronics 
Baxter Centre 
1050 Baxter Road 
Ottawa, Ontario 
Canada K2C3P2 
Tel: (613)820-8313 
TWX: 610-563-1697 

Future Electronics 
237 Hymus Boulevard 

Pointe Claire, Quebec, Canada H9R 5C7 
Tel: (514)694-7710 
TWX: 610-421-3251 
TELEX: 82-3554 

05-823555 
Future Electronics 
3070 Kingsway 
Vancouver, British Columbia 
Canada V5R5J7 
Tel: (604)438-5545 
TWX: 610-922-1668 
Hamilton/Avnet Electronics 
6845 Rexwood Road, Units 3-5 
Mississauga, Ontario, Canada L4V 1M5 
Tel: (416)677-7432 
TWX: 610-492-8867 
Hamilton/Avnet Electronics 
210Colonnade 

Neaton, Ontario, Canada K2E 7L5 
Tel: (613)226-1700 
TWX: 610-562-1906 
Hamilton/Avnet Electronics 
2816 21st Street, N.E. 
Calgary, Alberta, Canada T2E 622 
Tel: (403)230-3586 
TWX: 610-821-2266 
Hamilton/Avnet Electronics 
2670 Sabourin 

St. Laurent, Quebec, Canada H4S1M2 
Tel: (514)331-6443 
TWX: 610-421-3731 



RAE Industrial Electronics, Ltd. 
11680 170th Street 
Edmonton, Alberta 
Canada T5S 1J7 
Tel: (403)451-4001 
TELEX: 037-2653 
RAE Industrial Electronics, Ltd. 
3455 Gardner Court 
Burnaby, British Columbia 
Canada V5G4J7 
Tel: (604)291-8866 
TWX: 610-929-3065 
TELEX: 04-356533 

COLORADO 

Arrow Electronics 

1390 South Potomac Street 

Suite 136 

Aurora, Colorado 80012 

Tel: (303)696-1111 

TWX: 910-932-2999 

Hamilton/Avnet Electronics 
8765 East Orchard Road 
Suite 708 

Englewood, Colorado 80111 
Tel: (303)740-1000 
TWX: 910-935-0787 

Kierulff Electronics 
7060 South Tuscon Way 
Englewood, Colorado 80112 
Tel: (303)790-4444 
TWX: 910-931-2626 
Wyle Labs/EMG 
451 East 124th Avenue 
Thornton, Colorado 8024 1 
Tel: (303)457-9953 
TWX: 910-936-0770 

CONNECTICUT 

Arrow Electronics 
12 Beaumont Road 
Wallingford, Connecticut 06492 
Tel: (203)265-7741 
TWX: 710-476-0162 
Hamilton/Avnet Electronics 
Commerce Park 
Commerce Drive 
Danbury, Connecticut 06810 
Tel: (203)797-2800 
TWX: 710-456-9974 
Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203)792-3500 
TWX: 710-456-9405 

FLORIDA 

Arrow Electronics 

1001 N.W. 62nd Street, Suite 108 

Ft. Lauderdale, Florida 33309 
Tel: (305)776-7790 
TWX: 510 955-9456 

Arrow Electronics 

50 Woodlake Drive, West 

Bldg. B 

Palm Bay. Florida 32905 

Tel: (305)725-1480 

TWX: 510-959-6337 

Hall-Mark Electronics 
15301 Roosevelt Boulevard 
Suite 303 

Clearmont. Florida 33520 
Tel: (813) 530-4543 



Hall-Mark Electronics 

1671 West McNabb Road 
Ft. Lauderdale, Florida 33309 
Tel: (305)971-9280 
TWX: 510-956-9720 
Hall-Mark Electronics 
7233 Lake Ellenor Drive 
Orlando. Florida 32809 
Tel: (305)855-4020 
TWX: 810-850-0183 

Hamilton/Avnet Electronics 

6801 N.W. 15th Way 

Ft Lauderdale, Florida 33309 

Tel: (305)971-2900 

TWX: 510-956-3097 

Hamilton/Avnet Electronics 

3197 Tech Drive North 

St. Petersburg. Florida 33702 

Tel: (813)576-3930 

TWX: 810-863-0374 

Kierufff Electronics 

3247 Tech Drive 

St. Petersburg, Florida 33702 

Tel: (813)576-1966 

TWX: 810-863-5625 

GEORGIA 

Arrow Electronics 

2979 Pacific Drive 

Norcross, Georgia 30071 

Tel: (404)449-8252 

TWX: 810-766-0439 

Hall-Mark Electronics 

6410 Atlantic Boulevard, Suite 115 

Norcross, Georgia 30071 

Tel: (404)447-8000 

TWX: 810-766-4510 

Hamilton/Avnet Electronics 

5825-D Peachtree Crossing 

Norcross, Georgia 30092 

Tel: (404)447-7500 

TWX: 810-766-0432 

Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross, Georgia 30092 
Tel: (404)449-9170 
TWX: 810-766-1592 

ILLINOIS 
Arrow Electronics 
2000 Algonquin 
Schaumburg, Illinois 60195 
Tel: (312)397-3440 

Hall-Mark Electronics 

1177 Industrial Drive 
Bensenville. Illinois 60106 
Tel: (312)860-3800 
TWX: 910-222-1815 
Hamilton/Avnet Electronics 
1 1 30 Thorndale Avenue 
Bensenville, Illinois 60106 
Tel: (312)860-7780 
TWX: 910-227-0OG0 



U.S. AND CANADIAN STOCKING DISTRIBUTORS 



Kierulff Electronics 

1536 Landmeir Road 

Elk Grove Village, Illinois 60007 

Tel: (312)640-0200 

TWX: 910-222-0351 

Schweber Electronics 

904 Cambridge 

Elk Grove Village, Illinois 60007 

Tel: (312)364-3750 

rWX: 910-222-3453 

INDIANA 

Arrow Electronics 
2718 Rand Road 
Indianapolis, Indiana 46241 
Tel: (317)243-9353 
TWX: 810-341-3119 

Hamilton/Avnet Electronics 
465 Gradle Drive 
Carmel, Indiana 46032 
Tel: (317)844-9333 
TWX: (810)260-3966 

IOWA 

Hamilton/Avnet Electronics 
915 33rd Avenue S.W. 
Cedar Rapids, Iowa 52404 
Tel: (319)362-4757 

Schweber Electronics 
5270 N.Park Place N.E. 
Cedar Rapids, Iowa 52402 
Tel: (319)373-1417 

KANSAS 

Hall-Mark Electronics 
10815 Lake view Drive 
Lenexa, Kansas 66215 
Tel: (913)888-4747 
TWX: 510-928-1831 
Hamilton/Avnet Electronics 
9219Quivira Road 
Overland Park, Kansas 66215 
Tel: (913)888-8900 
TWX: 910-743-0005 

Schweber Electronics 
10300 W. 103rd Street 
Suite #200 

Overland Park, Kansas 66214 
Tel: (913) 492-2921 

MARYLAND 
Arrow Electronics 
4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (301)247-5200 
TWX: 710-236-9005 

Hall-Mark Electronics 
6655 Amberton Drive 
Baltimore, Maryland 21227 
Tel: (301)796-9300 
TWX: 710-862-1942 
Hamilton/Avnet Electronics 
6822 Oak Hill Lane 
Columbia, Maryland 21045 
Tel: (301)995-3500 
TWX: 710-862-1861 
TELEX: 8-79-68 

Schweber Electronics 
9218 Gaither Road 

Gaithersburg, Maryland 20877 
Tel: (301)840-5900 
TWX: 710-831-9089 

MASSACHUSETTS 

Arrow Electronics 

Arrow Drive 

Woburn, Massachusetts 01801 

Tel: (617)933-8130 

TWX: 510-224-6494 

Hamilton/Avnet Electronics 

50 Tower Office Park 

Woburn, Massachusetts 01801 

Tel: (617)935-9700 

TWX: 710-393-0382 

Kierulff Electronics 

13 Fortune Drive 

Billerica, Massachusetts 01621 

Tel: (617)667-8331 

TWX: 710-390-1449 

Schweber Electronics 

25 Wiggins Road 

Bedford, Massachusetts 01730 

Tel: (617)275-5100 

TWX: 710-326-0268 

MICHIGAN 
Arrow Electronics 
3810 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313)971-8220 
TWX: 810-223-6020 

Arrow Electronics 

3510 Roger B Chaffee Drive 
Grand Rapids, Michigan 49508 
Tel: (616) 243-0912 



Hamilton/Avnot Electronics 
32487 Schoolcraft 
Livonia, Michigan 48150 
Tel: (313)522-4700 
TWX: 810-242-8775 

Hamilton/Avnot Electronics 

221 5 29th Street, S.E. 

Space A-5 

Grand Rapids, Michigan 49508 

Tel: (616)243-8805 

TWX: 810-273-6921 

MINNESOTA 
Arrow Electronics 
5230 West 73rd Street 
Edina, Minnesota 55435 
Tel: (612)830-1800 
TWX: 910-576-3125 

Hall-Mark Electronics 
7B3B 12th Avenue South 
Bloomington. Minnesota 55420 
Tel: (612)854-3223 
TWX: 910-576-3187 
Hamilton/Avnet Electronics 
10300 Bren Road, E. 
Minnetonka, Minnesota 55343 
Tel: (612)932-0600 
TWX: 910-576-2720 
Kierulff Electronics 
7667 Cahill Road 
Edina, Minnesota 55435 
Tel: (612)941-7500 
TWX: 910-576-2721 

MISSOURI 

Arrow Electronics 
2380 Schuetz Road 
St. Louis, Missouri 63141 
Tel: (314)567-6888 
TWX: 910-764-0882 

Hall-Mark Electronics 

2662 Metro Boulevard 

Maryland Heights, Missouri 63043 

Tel: (314)291-5350 

TWX: 910-760-0671 

Hamilton/Avnet Electronics 
13743 Shoreline Court 
Earth City, Missouri 63045 
Tel: (314)344-1200 
TWX: 910-762-0684 

Schweber Electronics 
502 Earth City Expressway 
Suite #203 

Earth City. Missouri 63045 
Tel: (314)739-0526 

NEW HAMPSHIRE 

Arrow Electronics 

1 Perimeter Drive 

Manchester, New Hampshire 03103 
Tel: (603)668-6968 
TWX: 710-220-1684 

NEW JERSEY 

Arrow Electronics 
6000 Lincoln Drive E. 
Marlton, New Jersey 08053 
Tel: (609) 596-8000 
TWX: 710-897-0829 

Arrow Electronics 

2 Industrial Road 
Fairfield, New Jersey 07006 
Tel: (201)575-5300 
TWX: 710-734-4403 

Hall-Mark Electronics 
2901 SpringdaleRoad 
Springdale Business Center 
Cherry Hill, New Jersey 08003 
Tel: (215)355-7300 
TWX: 510-667-1750 
Hall-Mark Electronics 
107 Fairfield Road 
Fairfield, New Jersey 07006 
Tel: {201)575-4415 
TWX: 710-734-4409 

Hamilton/Avnet Electronics 
1 Keystone Avenue, Bldg. 36 
Cherry Hill, New Jersey 08003 
Tel: (609)424-0100 
TWX: 710-940-0262 
Hamilton/Avnet Electronics 
10 Industrial Road 
Fairfield, New Jersey 07006 
Tel: (201)575-3390 
TWX: 710-734-4388 



Schweber Electronics 
18 Madison Road 
Fairfield, New Jersey 07006 
Tel: (201)227-7880 
TWX: 710-480-4733 

NEW MEXICO 

Arrow Electronics 

2460 Alamo Avenue, S.E. 

Albuquerque, New Mexico 87016 
Tel: (505)243-4566 
TWX: 910-989-1679 

Electronic Devices Inc. 
3411 BrynMawr, N.E. 
Albuquerque, New Mexico 87107 
Tel: (505)884-2950 

Hamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque, New Mexico 87106 
Tel: (505)765-1500 
TWX: 910-989-0614 

NEW YORK 

Arrow Electronics 
25 Hub Drive 
Melville, New York 11 747 
Tel: (516)694-6800 
TWX: 510-224-6155 

Arrow Electronics 
7705 Maltage Drive 
Liverpool, New York 13088 
Tel: (315)652-1000 
TWX: 710-545-0230 

Arrow Electronics 
20 Oser Avenue 
Hauppauge, New York 11787 
Tel: (516)231-1000 
TWX: 510-227-6623 

Arrow Electronics 
3000 South Winton Road 
Rochester. New York 14623 
Tel: (716)275-0300 
TWX: 510-253-4766 

Hamil Ion/A vnet Electronics 

16 Corporate Circle 

East Syracuse, New York 13057 

Tel: (315)437-2642 

TWX: 710-541-0959 

Hamilton/Avnet Electronics 
933 Motor Parkway 
Haupauge, New York 11788 
Tel: (516)454-6000 
TWX: 510-224-6166 
Hamilton/Avnet Electronics 
333 Metro Park 
Rochester, New York 14623 
Tel: (716)475-9130 
TWX: 510-253-5470 

Schweber Electronics 
3 Town Line Circle 
Rochester, New York 14623 
Tel: (716)424-2222 

Schweber Electronics 
Jericho Turnpike 
Westbury, New York 11590 
Tel: (516)334-7474 
TWX: 510-222-9470 
510-222-3660 

NORTH CAROLINA 

Arrow Electronics 

5240 Greens Dairy Road 

Raleigh, North Carolina 27604 

Tel: (919)876-3132 

TWX: 510-928-1856 

Arrow Electronics 

938 Burke Street 

Winston-Salem, North Carolina 27101 

Tel: (919)725-8711 

TWX: 510-931-3169 

Hall-Mark Electronics 

5237 North Boulevard 

Raleigh, North Carolina 27604 

Tel: (919)872-0712 

TWX: 510-928-1831 

HamiltonAvnet Electronics 

3510 Spring Forrest Road 

Raleigh, North Carolina 27604 

Tel: (919)878-0819 

TWX: 510-928-1836 

Schweber Electronics 
1 Commerce Center 
5285 North Boulevard 

Raleigh, North Carolina 27604 
Tel: (919) 876-0000 

OHIO 

Arrow Electronics 
7620 McEwen Road 
Centerville, Ohio 45459 
Tel: (513)435-5563 
TWX: 810-459-1611 

Arrow Electronics 
6238 Cochran 
Solon, Ohio 44139 
Tel: (216)248-3990 
TWX: 810-427-9408 



Hamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Cleveland, Ohio 44128 
Tel: (216)831-3500 
TWX: 810-427-9452 

Hamilton/Avnet Electronics 
954 Senate Drive 
Dayton, Ohio 45459 
Tel: (513)433-0610 
TWX: 810-450-2531 

Hamilton/Avnet Electronics 
777 Brooksedge Boulevard 
Westerville. Ohio 43081 
Tel: (614)822-7004 

OKLAHOMA 

Hall-Mark Electronics 

5460 South 103rd East Avenue 

Tulsa, Oklahoma 74145 
Tel: (918)665-3200 
TWX: 910-845-2290 

Kierulff Electronics 
Metro Park 
12318 E. 60th Street 
Tulsa, Oklahoma 74145 
Tel: (918) 252-7537 

Schweber Electronics 
4815 South Sheridan 
Fountain Plaza 
Suite #109 

Tulsa, Oklahoma 74145 
Tel: (918)622-8000 

OREGON 

Almac Electronics 

8022 Southwest Nimbus, Bldg, 7 

Koll Business Park 

Beaverton, Oregon 97005 

Tel: (503)641-9070 

TWX: 910-467-8743 

Arrow Electronics 

10260 S.W. Nimbus Avenue 

Suite M3 

Portland, Oregon 97223 

Tel: (503)684-1690 

Hamilton/Avnet Electronics 

6024 S.W. Jean Road 

Bldg. C, Suite 10 

Lake Oswego, Oregon 97034 

Tel: (503)635-8831 

TWX: 910-455-8179 

Wyle Labs/EMG 

5289 N.E. Elam Young Parkway 

Building E-1 00 

Hillsboro, Oregon 97123 

Tel: (503)640-6000 

TWX: 910-460-2203 

PENNSYLVANIA 

Arrow Electronics 

650 Seco Road 

Monroeville, Pennsylvania 15146 

Tel: (412)856-7000 

TWX: 710-797-3894 

Schweber Electronics 
Prudential Business Campus 
231 Gibraltar Road 
Horsham, Pennsylvania 19044 
Tel: (215)441-0600 
TWX: 510-665-6540 

Electronic Devices Inc. 

1251 S. Cedar Crest Boulevard 

#208B 

Allentown. Pennsylvania 18103 

Tel: (215)432-5005 

TEXAS 

Arrow Electronics 
10125 Metropolitan Drive 
Austin, Texas 78758 
Tel: (512)835-4180 
TWX: 910-874-1348 
Arrow Electronics 
13715 Gamma Road 
Dallas, Texas 75234 
Tel: (214)386-7500 
TWX: 910-860-5377 

Arrow Electronics 

10899 Kinghurst Drive, Suite 100 

Houston, Texas 77099 

Tel: (713) 530-4700 

TWX: 910-880-4439 

Hall-Mark Electronics 

12211 Technology Boulevard 

Austin. Texas 78759 

Tel: (512)258-8848 

TWX: 910-874-2031 

Hall-Mark Electronics 

P.O. Box 222035 

11333 Page Mill Road 

Dallas, Texas 75222 

Tel: (214)343-5000 

TWX: 910-867-4721 

Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713)781-6100 

TWX: 910-881-2711 



Hamilton/Avnet Electronics 
2401 Rutland Drive 
Austin, Texas 78758 
Tel: (512)837-8911 
TWX: 910-874-1319 

Hamilton/Avnet Electronics 
8750 Westpark Drive 
Houston, Texas 77063 
Tel: (713)780-1771 
TWX: 910-881-5523 
Hamilton/Avnet electronics 
2111 West Walnut Hill Lane 
Irving, Texas 75062 
Tel: (214)659-4111 
TWX: 910-860-5929 
TELEX: 73-05-11 

Kierulff Electronics 
3007 Longhorn Boulevard 
Suite 105 

Austin, Texas 78758 
Tel: (512)835-2090 

Kierulrf Electronics 
9610 Skillman Avenue 
Dallas, Texas 75243 
Tel: (214) 343-2400 

Kierulff Electronics 
10415 Landsbury Drive 
Suite 210 

Houston. Texas 77099 
Tel: (713) 530-7030 

Schweber Electronics 
6300 La Calma #240 
Austin, Texas 78752 
Tel: (512) 458-8253 

Schweber Electronics 
4202 Beltway Drive 
Dallas, Texas 75234 
Tel: (214)661-5010 
TWX: 910-860-5493 

Schweber Electronics 

10625 Richmond Avenue. Suite 100 

Houston, Texas 77042 

Tel: (713)784-3600 

TWX: 910-881-4836 

UTAH 

Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801)972-2800 
TWX: 910-925-4018 
Kierulff Electronics 
2121 S. 3600 West Street 
Salt Lake City, Utah 84119 
Tel: (801)973-6913 
TWX: 910-925-4072 

Wyle Labs/EMG 
1959 South4130 West 
Salt Lake City. Utah 84104 
Tel: (801)974-9953 
TWX: 910-917-4040 

WASHINGTON 

Almac Electronics 
14360 S.E. EastgateWay 
Bellevue. Washington 98007 
Tel: (206)643-9992 
TWX: 910-444-2067 

Arrow Electronics 
14320 N.E. 21st Street 
Bellevue, Washington 98005 
Tel: (206)643-4800 
TWX: 910-443-3033 

Hamilton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, Washington 98005 
Tel: (206)453-5844 
TWX: 910-443-2469 
Wyle Labs/EMG 
1750132ndAvenue,N.E. 
Bellevue, Washington 98005 
Tel: (206)453-8300 
TWX: 910-443-2526 

WISCONSIN 

Arrow Electronics 
434 West Rawson Avenue 
Oak Creek, Wisconsin 53154 
Tel: (414)764-6600 
TWX: 910-262-1193 

Hall-Mark Electronics 

9657 South 20th Street 

Oak Creek. Wisconsin 53154 

Tel: (414)761-3000 

Hamilton/Avnet Electronics 

2975 Moorland Road 

New Berlin, Wisconsin 53151 

Tel: (414)784-4510 

TWX: 910-262-1182 

Kierulff Electronics 

2236 W. Bluemont Road 

UnitG 

Waukesha, Wisconsin 53186 

Tel: (414) 784-8160 

Schweber Electronics 
150 Sunnyslope Road 
Suite #120 

Brookfield, Wisconsin 53005 
Tel: (414)784-9020 



INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 



AUSTRALIA 

R and D Electronics 

P. 0. Bo* 206 

Burwood 3125 

Victoria 

Tel: (03)288-8232/62 

TELEX: AA33288 

R and D Electronics 

P.O. Box 57 

Crows Nest N.S.W. 2065 

Sydney 

Tel: (61)439-5488 

TELEX: (790)25468 

AUSTRIA 

Kontron Ges.m.b.H. 
Eisgrubengasse 6 
(Kontron Haus) 
A-2334 Voesendori-Wien 
Tel: (0222)67 06 31 
TELEX: 131699 

BELGIUM 

Arcobel NV 

Terlindenhofstraat 36. Bus 7 
P.O. Box 110 
2060 Antwerp en- Me rksem 
Tel: (03) 640.70.48 
TELEX: 73026 

DENMARK 

Advanced Electronic APS 
Mariendalsvej55 
DK-2000 Copenhagen F 
Tel: (01)1944 33 
TELEX: 22 431 

FINLAND 

Telercas OY 
Tuusulantie 1B 
P.O. Box 33 
SF-04201 Kerava 
Tel: 358(0)248055 
TELEX: 12 1111 

FRANCE 

A2M 

6, Avenue du General De Gaulle 

Hall A 

F-78150 Le Chesnay 

Tel: (03)954.91.13 

TELEX: 698376 

A2M 

3 Ter rue de la Haye 

F-38290 St. Quentin Fallavier 

Lyon 

Tel: (74)94.43.33 

TELEX; 900738 

A2M 

Parce D'Activite Cadera 

Avenue J. F. Kennedy 

Bat.E 

F-33700 Merignac 

Bordeaux 

Tel: (56)34.10.97 

A2M 

Residence du Ponant 

Place du General De Gaulle 

F- 22220 Treguier 

Tel: (96)92.23.66 

TELEX: 950313 

A2M 

La Rivaliere 

St. Romain Lachalme 

F-43600 Sainte Cigolene 

Tel: (71)61.17.26 

RTF 

9, rue d'Arcueil 

F-94250Gentilly 

Tel: (01)664.11.01 

TELEX: 201 069 

RTF 

Le Latay 

F-44390NortSurErdre 

Tel: (40)72.27.98 

TELEX: 711087 

RTF 

Avenue du Pare 

Escalquens 

F-31 320 Castanet-Tolosan 

Tel: (61)81.53.65 

TELEX: 520927 



RTF 

St. Mury 

Le Vaucansson 

F-38240 Meylan 

Grenoble 

Tel: (76)90.11.88 

TELEX: 980796 

Sonepar Electronique Quest 

6, Bid Adolphe Billault 

44200 Nanles 

Tel: (40)20.04.81 

TELEX: 711660 

GERMANY 

AstronicGmbH 
Winzererstrasse 47D 
D-8000 Muenchen 40 
Tel: (089)30 90 31 
TELEX: 0-5216187 

EBV-Elektronik Vertriebs GmbH 

Oberweg 6 

D-8025 Unterhaching b. Muenchen 

Tel: (089)611 05-1 

TELEX: 0-524535 

EBV-Elektronik Vertriebs GmbH 

Oststr. 129 

D-4000 Duesseldorf 

Tel: (0211)8 48 46/7 

TELEX: 0-B587267 

EBV-Elektronik Vertriebs GmbH 

Kibitzrain 18 

D-3006 Burgwedel 1 /Hannover 

Tel: (05139)50 38 

TELEX: 0-923694 

EBV-Elektronik Vertriebs GmbH 
Schenckstrasse 99 
D-6000 Frankfurl/Main 90 
Tel: (069) 78 50 37 
TELEX: 0-413590 

EBV-Elektronik Vertriebs GmbH 

Alexanderstr. 42 
D-7000 Stuttgart 1 
Tel: (0711)24 74 81/83 
TELEX: 0-722271 
Kontron Halbleiter GmbH 
Ronsdorfer Strasse 145 
D-4000 Dusseldorf 1 
Tel: (0211) 73610 
TELEX: 8582675 
Kontron Halbleiter GmbH 
Kennedy-Allee 34 
D-6000 Frankfurt/Main 70 
Tel: (069) 63 60 61 
TELEX: 414881 
Kontron Halbleiler GmbH 
Konigsreihe 2 
D-2000 Hamburg 70 
Tel: (040)68 29 50 
TELEX: 211998 

Kontron Halbleiter GmbH 

Her mann-Guthe- Strasse 3 
D-3000Hannover81 
Tel: (0511)83 90 51 
TELEX: 923729 
Kontron Halbleiter GmbH 
Breslauer Strasse 2 
D-8057 Eching b. Munchen 
Tel: (089)31 901-377 
TELEX: 522122 

Kontron Messtechnik GmbH 
Breslauer Strasse 2 
D-8057 Eching b. Munchen 
Tel: (089)31 9011 
TELEX: 522122 

Kontron Halbleiter GmbH 
Renweg 60/62 
D-8500Nurnberg 20 
Tel; (0911)53 33 06 
TELEX: 626391 
Kontron Halbleiter GmbH 
Maybachstrasse 39 a 
D-7000 Stuttgart 30 
Tel: (0711)81 4621 
TELEX: 723061 

Nordelektranik Vertriebs GmbH 
Carl-Zeiss-Str. 6 
Postfach 1228 
D-20S5Quickborn 
Tel: (04106)72072 
TELEX: 214299 

HONG KONG 

Tektron Electronics 

1702 Bank Centre 

636, Nathan Road 

Kowloon 

Tel: (3)856 199 

TELEX: 38513 



INDIA 

SRI RAM Associates 
3261 Pinkerton Drive 
San Jose, California 951 48 
Tel: (408)738-2295 
TELEX: 4997729 

IRELAND 

New England Sales Ltd. 
Stonehaven 
Dublin Road 
Malalude 
County Dublin 
Republic of Ireland 
Tel: (01)450 635 
TELEX: 31407 

ISRAEL 
Amtronics Ltd. 
10 Huberman Street 
Tol-Aviv 64075 
Tel: 03-227-857 
TELEX: 341390 

ITALY 

ELEDRA 3S S.p.A. 

Viale Elvezia 18 

I- 20 154 Milano 

Tel: (02)349751 

TELEX: 332332 

ELEDRA 3S S.p.A. 

Via Giuseppe valmarana 63 

1-00139 Roma ■ 

Tel: (06)812 7324/7290 

TELEX: 612051 

ELEDRA 3S S.p.A, 

Via P. Gaidano141/D 

1-10137 Torino 

Tel: (011)309 9111/2/3 

TELEX: 210632 

ELEDRA 3S S.p.A. 

Via Zaccherini Alvisi 6 

1-40138 Bologna 

Tel: (051)307781/340999 

TELEX: 213406 

ELEDRA 3SS.p.A. 

Via D. Turazza 32/41 

1-35100 Padova 

Tel: (049)655488/655749 

TELEX: 430444 

Kontron S.p.A 

Via Medici Del Vascello, 26 

1-20138 Milano 

Tel: (02)50721 

TELEX: 312288 

Kontron S.p.A. 

Via Forcellini,4 

1-35100 Padova 

Tel: (049)754717/850377 

Kontron S.p.A. 

Corso Appio Claudio, 5 

1-10143 Torino 

Tel: (011)746191/7495253 

TELEX: 212004 

Kontron S.p.A. 

Via Severano, 33 

1-00161 Roma 

Tel: (06)423250/425327 

Lasi ElettronicaS.p.A. 

Viale Masini 20 

1-40126 Bologna 

Tel: (051)353815 

TELEX: 531116 

Lasi Elettronica S.p.A. 

Viale Lombardia 6 

I-20092 Cinisello Balsamo 

(Milano) 

Tel: (02)6120441 

TELEX: 331612 

Lasi Elettronica S.p.A. 

Piazzale Caduti della 

Montagnola, 50 

1-00142 Roma 

Tel: (06)5405301 

Lasi Elettronica S.p.A. 

Piazza C. Montanari, 162 

1-101 37. Torino 

Tel: (011)359277 

JAPAN 

Asahi Glass Company, Ltd. 

2-1-2, Marunouchi 

Chiyoda-ku, Tokyo 100 

Tel: (03)218-5690 

Dainichi Contronics 

Seiwakai Building 

7-12, 3-chome, Misaki-cho 

Chiyoda-ku, Tokyo, 101, Japan 

Tel: (03)265-7381 

TELEX: 2722204 Dainic J 

FAX: (03)-234-8660 



Dainichi Contronics 
Kintetsu-Takama Building 
38-3 Takama-cho 
Narashi 630 

Hamilton/A vnet Electronic Japan Ltd. 

Yu & You Bldg. 

1-5-7 Horidome Cho, Ni honbashi 

Chuo-Ku, Tokyo. 103 Japan 

Tel: (03)662-9911 

TELEX: 2523774 

ISI Ltd. 

8-3, 4-chome, Lidabashi 
Chiyoda-ku, Tokyo 102 
Tel: (03)264-3301 

Kanematsu Denshi K.K. 
Takanawa Bldg., 2nd Floor 
19-26, 3-chome, Takanawa 
Minatoku, Tokyo 108 

Microtek, Inc. 

Naito Building 

7-2-8 Nishishinjuku 

Shinjuku-ku. Tokyo 160 

Tel: (03)363-2317 

TELEX: J28497 

Tokyo Electron Limited 

Shinjuku-Nomura-Bldg. 

1-26-2, Nishi-Shinjuku, Shinjuku-ku. 

Tokyo 1 60 

Tel: (03)343-4411 

Tokyo Electron Limited 

Osaka Sales Office 

Recruit-Shinosaka-Dai 2-Bldg. 

5-14-10 Nishi-Nakajima, Yodokawa-ku, 

Osaka-shi, Osaka 532 

Tel: (06)305-2870 

Tokyo Electron Limited 

Yokohama Sales Office 

1 Higashikata-Machi, Midori-ku, 

Yokohama-shi, Kanagawa 226 

Tel: (045)471-8811 

Tokyo Electron Limited 

Hino Sales Office 

2-3-1 Tamadaira, Hino-shi, 

Tokyo 191 

Tel: (0425)84-3711 

Tokyo Electron Limited 

Kumagaya Sales Office 

Chiyodaseimei-Bldg. 

2-142 Miyamachi, Kumagaya-shi, 

Saitama 360 

Tel: (0485)25-1421 

Tokyo Electron Limited 

Kanda-Shop 

Mansei-Bldg. 

1-16-1 Sotokanda, Chiyoda-ku, 

Tokyo 101 

Tel: (03)251-0048 

Tokyo Electron Limited 

Nagoya Sales Office 

Nagoya-Fukutoku-Bldg. 

3-23-13 Meieki, Nakamura-ku, 

Nagoya-shi, Aichi 450 

Tel: (052)561-0361 

KOREA 

Duksung Trading Co. 

Room 301 - Jinwon Bldg. 507-30 

Sinrim 4-Dong 

Gwanak-ku 

Seoul 

Tel: (02)856-9764 

TELEX: K23459 

NETHERLANDS 

Arcobel BV 
Griekenweg 25 
NL-5342 PXOss 
P.O. Box 344 
NL-5340AHOss 
Tel: (04120)30335 
TELEX: 37489 

NEW ZEALAND 

G.T.S. Engineering, Ltd. 
P.O. Box 9613 
New Market, Auckland 
Tel: (Auck)546 745 
TELEX: N260430 

NORWAY 

A.S KiBll Bakke 
Ovre Raeling sv. 20 
P.O. Box 27 
N-2001 Lillestroem 
Tel: (02)83 02 20 
TELEX: 19407 

PUERTO RICO 

Arrow Electronics 

Eastern Boulevard 

Suite 503 

Deiego Street 

Santurce, Puerto Rico 00911 



SINGAPORE 

Impact Sound (Pte.) Ltd. 

116 Lavender Street. #04-15/16 

Pek Chuan Building 

Singapore 1233 

Tel: 294-9836 

TELEX: RS 50056 

SOUTH AFRICA 

South Continental Devices (Pty.) Ltd. 

P.O. Box 56420 

Pinegowrte2123 

Tel: (011)789-2400 

TELEX: 4-24849 

SOUTH AMERICA 
Intectra 

2629 Terminal Bldg 
Mountain View, CA 94043 
Tel: (415)967-8816 
TELEX: 345 545 

SPAIN 

Sagitro'n, S.A. 

General de Importaciones Electronicas 

c/. Ronda General Mitre, 200 -5.° 2 a 

Barcelona - 6 

Tel: (03)212 65 63 

Sagitron, S.A. 

General de Importaciones Electronicas 

c/. Castello, 25, 2\ 

Madrid - 1 

Tel: (01)402 60 85 

TELEX: 43819 

SWEDEN 

Svensk Teleindustri AB 
Box 5024 
S-162 05 Vallingby 
Tel: (08)38 03 20 
TELEX: 13033 

STIAB Marketing 
Box 5143 

S-162 05 Vallingby 
Tel: (08)37 28 80 
TELEX: 16561 

SWITZERLAND 
Kontron Electronic 
Components Division 
Bernerstr. Sued 169 
CH-8048 Zuerich 
Tel: (01)43 54111 
TELEX: 822196 
AMERA Electronics AG 
Lerchenhalde73 
CH-8046 Zuerich 
Tel: (01)5711 12 
TELEX: (045)823466 

TAIWAN 

Multitech International Corp. 
315FuHsingN. Road 
Taipei 104, Taiwan R.O.C. 
Tel: (02)713-4022/5435 
TELEX: 19162 
FAX: (02)713-6901 

UNITED KINGDOM 
Dage Eurosem Ltd. 
Rabens Lane 
Aylesbury 

Buckinghamshire HP19 3RG 
Tel: (0296)33200 
TELEX: 83518 

Hawke Electronics Ltd. 
Amotex House 
45 Hanworth Road 
Sunbury-on -Thames 
Middlesex TW16 5DA 
Tel: (01)979-7799 
TELEX: 923592 
FAX: (09327)87 333 

Kudos Electronics Ltd. 
Handpost Corner 
Finchampstead Road 
Wokingham 
Berkshire RG113LP 
Tel: (0734)794515 
TELEX: 647575 
Ouarndon Electronics 
(Semiconductdrs) Ltd. 
Slack Lane 
Derby DE3 3ED 
Tel: Derby (0332) 32651 
TELEX: 37163 

Thame Components Ltd. 

Thame Park Road 

Thame 

OxonOX93XD 

Tel: Thame (084 421) 4561 

TELEX: 837917 



a 



ADVANCED 

MICRO 

DEVICES 



PID #05621A 



901 Thompson Place 
P.O. BOX 3453 
Sunnyvale, California 94088 



(408)732-2400 

TWX: 910-339-9280 

TELEX: 34-6306 

TOLL FREE: (800)538-8450 
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